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(54) RADIATION-SENSITIVE COMPOSITION OF CHEMICAL AMPLIFICATION TYPE 

(57) A chemically amplified radiation sensitive com- 
position is provided which comprises a film forming 
hydroxystyrene based resin in combination with an 
onium salt precursor which generates a fluorinated 
alkanesulfonic acid as a photoacid generator. This com- 
position can realize neither corrosion of apparatuses by 
outgas, nor T-shaped pattern profiles, nor change In 
linewidth attributable to process time delay, on the other 
side, high sensitivity and resolution, and good pattern 
profiles and stability thereof. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001J The present invention relates to a chemically amplified radiation sensitive composition, and more oarticu- 
m£o oS^^^^ "Photoresist" for the manufacture cf electronic components, printing plies, and ree^Tr^eS^^^ 

Background Art 

[0002] An increase in the processor speed attained by the development of microelectronic devices with higher Inte- 
gration density .n the electronic industry has lead to a demand for further improved radiation sensLe co^^ 
That IS. an improvement in properties, such as resolution of photoresists and dimensional accuracy of images has 
Deen required for satisfying demands in the microelectronic device production industry. ' 
[0003] According to the Rayleigh's equation 

R = kT • a/NA 
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mT *f " f"^^^ resolution, k, is a constant. X is the wavelength of the light source used in exposure 

and NA IS the numerical aperture of the illuminating optical system, use of a light source having shorter wavelength in 
exposure can most effectively enhance the ultimate resolution. This has been effect vely applied to the transition of irra- 
diation technology from g-line (436 nm) to i-line (365 nm), and has pushed the resolution limits of conventional near UV 
irradiation technology to below 0.30 jim. With the need to produce even smaller features, shorter wavelength radiation 
^wJt^^ ^ " ""'^^ employed. Photons generated from DUV radiation 

exhibit higher energy than those generated from near UV radiation sources. Therefore, the number of photons per unit 
energy is smaller, leading to a demand for radiation sensitive compositions with hiaher sensitivity 
[0004] Radiation sensitive compositions called "cherrically amplified photoreiists" are known in the art and are 
advantageous in that the catalytic Imaging process can provide high photosensitivity. By virtue of high photosensitivity 
and high resolution, the chemically amplified radiation sensitive compositions are being substituted for conventional 
radiation sensitive compositions and being spread. The chemically amplified radiation sensitive compositions comprise 
a radiation sensitive acid generating agent (photoacid generator; hereinafter often referred to as "PAG") which gener- 
ates an acid. Upon exposure, this PAG releases an acid which catalyzes a layer dissolution reaction in the case of pos- 
itwe-working photoresists and catalyzes a crosslinking reaction in the case of negative-working photoresists 
[0005] Positive-working chemically amplified photoressts are the so-called "two component systems" which basi- 
cally comprise: (1) a resin which has been rendered insoluble in alkaline solutions by masking at least a part of the 
water soluble groups on the resin with an add cleavaWe protective group; and (2) a PAG. Optionally, low molecular 
weight or phenol derivatives masked with acid cleavabis protective groups described below are added to further 
improve the lithographic performance. This system is known as a "three component chemically amplified radiation sen- 
sitive composition. Upon exposure, the PAG produces a strong acid capable of cleaving the bond between protective 
group and the resin, resulting in the formation of an alkali-soluble resin. Acid molecules produced from the PAG upon 
exp^ure are not consumed by a single reaction for cleaving the protective group from the resin, and one acid molecule 
produced during the exposure can cleave a large number of protective groups from Wie resin. This contributes to the 
45 high sensitvity of Chemically amplified radiation sensitive compositions. 

[0(W6] IVIany two or three component positive-working photoresist compositions comprising polyhydroxystyrene 
resins or phenol derivatives having polyfunctional groups have been described in patents and literature In the case of 
positive-working two component photoresist compositions, the phenolic groups of the polymer are partly or fully pro- 
tected by acid-cleavable protective groups, for example, t-butoxycarbonyl groups (USP 4.491,628), t-butoxycarbonyl- 
methyl groups (USP 5,403,695), t-butyl groups, trimethylsilyl groups, telrahydropyranyl groups (USP 5 350 660) 2- 
(alkoxyethyl) groups (USP 5.468.589 and USP 5.558.971. and USP 5.558,976). or combinations thereof A w-or ter- 
pdymer of hydroxystyrene with (meth)acrylic acid, wherein the carboxylic acid is partiy or fully protected by acid-cleav- 
able groups, such as t-butyl groups (USP 4.491.628. USP 5.482.816. and USP 5.492,793). amyl groups or 
tetrahydropyranyl groups, has also been regarded as useful for positive-working two component photoresist composi- 
tions. The addition of dissolution inhibitors, which have been protected in the same manner as described above to the 
positive-worWng photoresist composition is described in USP 5.51 2.41 7 and USP 5.599.949. 
[0007] In the case of negative-working photoresists, a crosslinWng agent, such as hexamettioxy methylmelamine 
IS added to an alkali soluble phenolic resin (USP 5,376.504 and USP 5,389.491). The add produced from the PAQ upori 
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exposure Induces a crosslinking reaction In the exposed areas. 

[0008] As is apparent from the foregoing description. PAG plays an important role in the imaging process for both 
positive-working and negative-working chemically amplified resists, because PAG governs light response properties 
such as absorption of light or quantum yield of acid formation, and. in addition, governs the properties of the produced 
acid, such as acid strength, mobility, or volatility. Useful PAGs for both positive-working and negative-working chemically 
amplified resists include ionic onium salts, particularly iodonium salts or sulfonium salts with strong non-nucleoohilic 
anions (USP 4.058.400 and USP 4.933.377). for example, hexafluoroantimonate and trifluoromethane sulfonate (USP 
5.569.784) or aliphatic/aromatic sulfonates (USP 5.624.787). In addition, many non-ionic PAGs producing the above 
mentioned sulfonic acids have been described for both positive-working and negative-working chemically amplified 
photoresist materials (USP 5.286.867 and USP 5.338.641). Further, certain hydrogen halide producing PAGs have 
been suggested for advantageous use In negative-working chemically amplified resists (USP 5.599.949). 
[0009] USP 5.731 ,364 discloses that binulear sulfonium compounds having perfluoroaryl sulforiate and pert luoro- 
alkyl sulfonate are useful for the Image formation of positive-working and negative-working photoresists. This patent, 
however, does not suggest specific superiority in use of sulfonium compounds of nonafluorobutane sulfonate as PAGs 
in combination with hydroxy styrene based resin having a protective group which an be eliminated with an acid. 
[001 0] Among these PAGs. those onium salts producing trifluoromethane sulfonic acids upon exposure are partic- 
ularly preferred, because superior sensitivity and good ultimate resolution of the photoresist system can be obtained 
In addition, these PAGs are known to reduce the formation of insolubles on the substrate or at the substrate/resist inter- 
face known as scum. 

[001 1 ] It was found, however, that minor quantities of the rather volatile trifluoromethane sulfonic acid (TPS A) pro- 
duced during the irradiation process may evaporate (outgas) from the photoresist film and cause corrosion of the expo- 
sure and process equipment. The same trouble is observed when hydrogen halide producing PAGs are used. It may be 
anticipated that a long time exposure especially to the evaporating fumes of the volatile, aggressive TFSA may cause 
hazards to the health of the labor force. In addition, it is known that resist materials containing PAGs which produce 
TFSA tend to produce the so-called T-shaped pattern profiles, and show llnewidth changes upon process delays (i e 
inadequate delay time stability) due to the high volatility and the diffusion properties of this acid. Attempts to identify an 
adequate replacement for TFSA. or its onium salt precursors, respectively, were so far not very successful, because 
deterioration of the resist performance, i.e. of resolution capability, or sensitivity occun-ed. 

[0012] An evaluation of a chemically amplified resist system using a large number of sulfonic acids producing 
onium salt precursors has revealed that most acids yielding good resolution are poor in sensitivity, while those com- 
pounds, which yield high sensitive resists do not perform very well in terms of resolution. More specifically, it was found 
that low-molecular weight aliphatic and some aromatic sulfonic acids have high vapor pressures, thus causing the 
above mentioned corrosion of the equipment, forming T-topped photoresist profiles, and yielding significant llnewidth 
changes upon process time delays, while larger molecular weight aliphatic and aromatic sulfonic acids do not provide 
the required sensitivity, or have inadequate resolution power. 



SUMMARY OF THE INVETNIQN 



[0013] The present inventors have made extensive and intensive studies on improved chemically amplified resist 
materials for production of semiconductors, particularly chemically amplified resist materials which are less likely to 
cause corrosion of equipment by outgassing and. at the same time, has good sensitivity and resolution. As a result, the 
present Inventors have now found that a combination of a film forming hydroxystyrene based resin with an onium salt 
precursor capable of generating a fluorlnated alkanesulfonlc acid as a photoacid generator can provide an excellent 
chemically amplified radiation sensitive composition. The present invention has been made based on such finding. 
[001 4] Accordingly, it is an object of the present invention to provide a chemically amplified radiation sensitive com- 
position which is less likely to cause the corrosion of the equipment. T-topped photoresist profiles, and significant llnew- 
idth changes upon process time delays. 

[001 5] It is another object of tiie present invention to provide a chemically amplified radiation sensitive conposition 
which can realize high sensitivity and resolution, good pattern shapes and stability thereof. 

[0016] It is still another object of the present invention to provide a chemicaqlly amplified radiation sensitive com- 
position containing a photoacid generator which, by virtue of the generation of a nonvolatile acid, can eliminate prob- 
lems associated with outgassing. 

[001 7] It is a furtiier object of the present invention to provide a recording medium containing the chemically ampli- 
fied radiation sensitive composition according to the present invention and to provide a process for producing the 
recording medium, 

[0018] The chemically amplified radiation sensitive composition according to the present invention comprises at 
least 
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an onium salt precursor which generates a fluorinated alkanesulfonic acid as a photoacid generator and 
a film forming hydroxystyrene based resin. 

S?^ r^i!f° w'"? '° ^ P'^^^"^ embodiment of the present invention, there is provided a positive-workina chemi 
cally amplrfied radiafon sensitive composition, as a first aspect of the present invention. comprSgr 

(1) an onium salt precursor which generates a fluorinated alkanesulfonic acid as a photoacid generator- 

(2) a film forming hydroxystyrene based resin which is is made alkali insoluble by protecting alkali soluble arour« 
on the resin with an acid cleavable protective group: and ^ 

(3) optionally a dissolution inhibitor having at least one acid cleavable C-O-C or C-O-Si bonds. 

[0020] According to a second aspect of the present invention, there is provided a neaative-workinn rh«m,.«i, 
amplified radiation sensitive composition comprising: P o oeo a negative working chemically 

(1) an onium salt precursor which generates a fluorinated alkanesulfonic acid as a photoacid generator- 

(2) an alkali soluble film forming hydroxystyrene based resin; and 

(3) optionally an acid-sensitive crosslinking agent. 

10021] According to a third aspect of the present invention, there is provided a radiation sensitive recording medi. ,m 

A<=^°.^ding to a fourth aspect of the present invention, there is provided a process for producing a radiation 
cL«lTf ""^'"'"^ composition of the present i^v^tionTa S J^^^^ 

coatng the solution onto a substrate to form a radiation sensitive layer; and removing the solvent by evaporation 

PREFERRED EMRnniMF NTS OF THF INVENTiniM 
ChemicallY a mplified r ad i a tion sensiilvB composltinn 

[0023] The chemically amplified radiation sensitive composition according to the present invention basicallv com 

K:itSdTeSr^^^^ 

n^^Kiw.^n'^'"^ *°v!^' Chemically amplified radiation sensitive composition of the present invention, the fluori- 
SrSnrfoHHo h ^"f. ^^''^^^ ^"'""^ "P°" can significantly improve the per- 

^H^^ the chernically amplified radiation sensitive composition containing a hydroxystyrene based resin in ter^ 
^iiuSfn n"^ n • ^^'^^'^^o\ale6 line bias, dimensional accuracy of Images, delay time sSmTa 

reduction in volatile components (outgas) and the like. c ay ume wdoiiiiy. a 

salt of a fluorinated alkanesulfonic acid as the photoacid generator, when used in a 
(a) positive-working or (b) negative-working hydroxystyrene based chemically amplified radiaL sensitive Zpo^t on 
FuXrifcV^^K k""^"''''*^ *° °' corresponding trifluoromethane sulfonate derh/atives" 

^hImh ^HHm? H 9®"^'^'°^ according to the present invention provides substantially the same resolution 

Jne sur^ce S 2"' '""T ^"'^''r:' ^"^P"^'"9'y' (rectangular) pattern profile accuracy, and less 

he ev^or-tfo^lfH low vapor pressure of the fluorinated alkanesulfonic acid. 

T J ' ■ *® °' °' equipment corrosion. In addition, linewidth changes 

^LZ^T "1°^^^ ^""^ ^ comparatively large molecular weight fluorinmed 

«S "J^*" .nchemically amplified radiation sensitive films are smaller than that of trifluoromethanesulfonic 
r^f»tU r « positive effect on ttie dense lines to isolated line Was; i.e. tiie linewidth dimensions of 

J ^™ ^' ^ 9'^^" ^^""'^ Therefore, the use of the onium salts of the 

STkll TmT" very advantageously contributes in several Important ways to the overall performance of (a) positive- 
wo king and (b) negative-working hydroxystyrene based chemically amplified radiation sensitive compositions as well 
as to the life-time and maintenance of the equipment employed, and to the health of the work forces. 

(a) Photoacid oen«»ratnr 

[0026] The photoacid generator used in the compositon of ttie present invention is an onium salt precursor which 
generates a fluorinated alkanesulfonic acid. The onium salt precursor is not particularly limited so far as it can generate 
a fluorinated alkanesulfonic add. According to a preferred embodiment the present invention, the onium salt precursor 
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is a sulfonium salt or an iodonium salt. 

[0027] The fluorinated alkanesulfonic acid also is not particularly limited. Preferably, the fluorinated alkanesulfonic 
acid is such that the alkanesulfonic acid has 3 to 4 carbon atoms, 

[0028] Preferred onium salt precursors, which generate fluorinated alkanesulfonic adds, include sufonium salts or 
iodonium salts of 3,3.3.3.1,1-hexafluoropropanesulonate and nonafluorobutanesulonic add. 

[0029] According to a more preferred embodiment of the present invention, the onium salt precursor which gener- 
ates a fluorinated alkanesulfonic acid, is a sulfonium or iodonium salt of a fluorinated alkane sulfonate of formula (I): 

Y-ASO3- (,) 

wherein A represents CF3CHFCF2 or CF3CF2CF2CF2; and Y represents 

r1 R? or rt* 1* 



20 

wherein R\ r2, r3, r4^ r5 ^^^^ independently represent 

an alkyi group, 
25 a monocyclic or bicyclic alkyI group. 

a cyclic alkylcarbonyl group, 

a phenyl group. 

a naphthyl group, 

an anthryl group. 
30 Si peryl group, 

a pyryl group. 

a thlenyl group, 

an aralkyi group, or 

an arylcarbonylmethylene group, or 
35 any two of R\ R^, and or and R^ together represent an alkylene or an oxyalkylene which forms a five- or six- 

membered ring together with the interposing sulfur or iodine, said ring being optionally condensed with aryl groups. 

one or more hydrogen atoms of R\ R^, R^, R^^ and R^ being optionally substituted by one or more groups selected 

from the group consisting of a halogen atom, an alky! group, a cyclic alkyI group, an alkoxy group, a cyclic alkoxy 

group, a dialkylamino group, a dicyclic dialkylamino group, a hydroxyl group, a cyano group, a nitro group, an aryl 
40 group, an aryloxy group, an aryrthio group, and groups of formulae (II) to (VI): 

I 
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30 



35 

C ORp (VI) 
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Wherein R and each independently represent a hydrogen atom, an alkyi group, which may be substituted 
45 by one or more halogen atoms, or a cyclic alkyI group, which may be substituted by one or more halogen 

atoms, or R and R^ together can represent an alkylene group to form a ring. 

R represents an aikyi group, a cyclic alkyl group, or an aralky! group, or R^ and R^ together represent an 
alkylene group which forms a ring together with the Interposing -C-O- group, the carbon atom in the ring being 
optionally substituted by an oxygen atom. 

so r9 represents an alkyl group or a cydic alkyl group, one or two carbon atoms in the alkyl group or the cyclic 

alkyl group being optionally substituted by an oxygen atom, an aryl group, or an aralkyi group, 
^^12 ^ independently represent a hydrogen atom, an alkyl group, or a cyclic alkyl group. 

R represents an alkyl group, a cydic alkyl group, an aryl group, or an aralkyi group, and 
R represents an alkyl group, a cyclic alkyl group, an aryl group, an aralkyi group, the arouD -SfR^^) r13 

S5 the group -0-Si(R^2j2R^3 « k v /2 . 

10030] The compound represented by formula (I) is advantageous in that it has good solubility in general solvents 
used in radiation sensitive compositions and. in addition, has good affinity for the components contained in the radiation 
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sensitive composition. 

[0031 ] In formula (I), the alkyi group as a group or a part of a group may be of straight chain type or branched chain 
type. The halogen refers to a fluorine, chlorine, bromine, or iodine atom. The aralkyi refers to benzyl phenylethyl 
(phenetyl). methylbenzyl. naphthylmethyl or the like. The aryl preferably refers to phenyl, naphthyl. tolyl or the like 
[0032] According to a preferred embodiment of the present invention, a group of prefen-ed compounds represented 
by formula (I) are those wherein 

B\ R^. R^, R"^. and R^ each independently represent 

a alkyI group (preferably a C^.q alkyI group, more preferably a C^.g alkyI group). 

a C6-12 monocyclic or bicyclic alkyi group (preferably 03,5 monocyclic alkyI group or a C10.12 bicyclic alkyI group), 

a C4.12 cyclic alkylcarbonyl group (preferably a C3.6 monocyclic alkylcarbonyl group), 

a phenyl group, 

a naphtyl group. 

an anthryl group, 

a peryl group, 

a pyryl group. 

a thienyl group, 

an aralkyi group, or 

an arylcarbonylmethylene group with up to 15 carbon atoms, or 

any two of H\ R^. and R^, or R^ and together represent an alkylene or an oxyalkylene which forms a five- or 
six-membered ring together with the interposing sulfur or iodine atom, said ring being optionally condensed with 
aryl groups. 

[0033] According to a more preferred embodiment of the present invention, the compounds represented by formula 
(I) are those wherein 

one or more hydrogen atoms of R\ R^. R^, r*, and R^ are substituted by at least one group selected from the 
group consisting of a halogen atom, a C1.6 afkyi group, a C3.6 cyclic alkyI group, a Ci.s alkoxy group, a C3.6 cyclic 
alkoxy group, a di-Ci.3 alkylamino group, a cyclic di-Ce-ia alkylamino group, a hydroxyl group, a cyano group, a 
nitro group, an aryl group, an aryloxy group, an arylthio group, and groups represented by formulae (II) to (VI). Fur- 
ther, compounds are preferably utilized wherein, in the groups represented by formulae (II) to (VI), 
R® and R^ each independently represent a hydrogen atom, a C^.q alkyI group, which may be substituted by one or 
more halogen atoms, or a C3.6 cyclic alky! group, which may be substituted by one or more halogen atoms, or 
and R^ together represent an alkylene group to form a five-membered or six-membered ring, 
R® represents a Ci.e alkyI group, a C3.6 cyclic alkyI group, or a C^g aralkyi group, or R^ and R^ together represent 
an alkylene group which forms a five- or six-membered ring together with the interposing -C-0- group, the carbon 
atom in the ring being optionally substituted by an oxygen atom, 

R^ represents a alkyI group or a C3.6 cyclic alkyl group, one or two carbon atoms in the alkyl group or the cyclic 

alkyI group being optionally substituted by an oxygen atom, a Cq,^2 aryl group, or a C7.12 aralkyi group, 

H^^ and R^ ^ each independently represent a hydrogen atom, a C1.6 alkyl group, or a C3.6 cyclic alkyl group. 

R^2 represents a Ci.g alkyl group, a C3.6 cyclic alkyl group, a 05.12 aryl group, or a C7.12 aralkyi group, and' 

R^^ represents a C^.^ alkyl group, a C3.6 cyclic alkyl group, a C6.12 aryl group, a C7.12 aralkyi group, group - 
Si(R^2j2R^3 grpyp o-Si(Ri2)2Ri3 

[0034] According to another preferred embodiment of the present invention, a group of compounds represented by 
formula (1) are utilized wherein 

R\ R2. r3. r4, and R^ each independently represent a C1.3 alkyl group, a C3.6 monocyclic alkyl group. C10.12 bicy- 
clic alkyl group, a C3.6 cyclic alkylcarbonyl group, a phenyl group, or a naphthyl group, or any two of R^ R^ and R^, 
or R^ and R^ together represent an alkylene group to form a five- or six-mennbered alkylene ring, 
one or more hydrogen atoms of R\ R^, r3. R^, and R^ optionally substituted by at least one group selected from 
the group consisting of a hydrogen atom, a halogen atom, a C^,q alkyl group, a C3.6 cyclic alkyl group, a 0^.6 alkoxyl 
group, a C3.6 cyclic alkoxyl group, a hydroxyl group, an aryl group, an aryloxy group, an arylthio group, and groups 
of formulae (II) to (VI) wherein R^ and R^ each independently represent either a hydrogen atom or a methyl group, 
provided that R^ and R^ do not simultaneously represent hydrogen, R® represents either a C1.4 alkyl group or R^ 
and R® together represent an alkylene group which forms a ring together with the interposing -C-O- group, R^ rep- 
resents a C1.4 alkyl group, and R^^ represent a hydrogen atom, R'^^ represents a methyl group, and R^^ rep- 
resents a methyl group. 
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10035] According to the present invention, the most preferred compounds represented by formula (1) are tris-(4-t- 
SesSj advantageously offer excellent lithographic performance and. in addition, can be easily 

£?°^ n J^^^'h'' TT-^'f ^ °* P'®*®"'^ ""'""^ represented by formula (I) include, but are not limited to, the fol- 
lowmg compounds (in this list, sulfonium 3.3.3.2, 1.1-hexafluorobutane sulfonate is abbreviated as S-HFPS and iodo- 
HF?/blf 'i '^°o^nJ' '-"f^PS): triphenyl S-HFPS. 4-methylphenyl diphenyl S- 

? . A 1 T '^^''^"^'^ P''®"^' fris-(4-methylphenyl) S-HFPS. 4-t-butylphenyl diphenyl S-HFPS bis-f4^- 

butylphenyiy phenyl S-HFPS. tris-(4-t-buty»phenyI) S-HFPS. 4-cyclohexylphenyl diphenyl S-IHFPS. bis-(4-cyclohew - 
phenyO phenyl S-HFPS, tris-(4-cycIohexylphenyl) S-HFPS 4-chlorophen^ diphenyl S-HFPS, bis-(4.chlorophenyl) phe- 
nyl S-HFPS, tr.s-(4-chlorophenyl) S-HFPS. 4-N.N-dimethylaminophenyl diphenyl S-HFPS bis-(4-N N- 
dimethylaminophenyl) phenyl S-HFPS. tris-(4-N.N-dimethylaminophenyl) S-HFPS. 4-hydroxyphenyl diphenyl S-HFPS 
bis.(4-hydroxyphenyl) phenyl S-HFPS, tris-(4-hydroxyphenyl) S-HFPS, 4-methoxyphenyl diphenyl S-HFPS bis-f4- 
methoxyphenyl) phenyl S-HFPS. tris-(4-methoxyphenyl) S-HFPS. 4-t-butyloxyphenyl diphenyl S-HFPS, bis-(4-t-bmy- 
oxyphenyl) phenyl S-HFPS, tris-{4-t-butyloxyphenyl) S-HFPS, 3.5-dimethyl-4-hydroxyphenyt diphenyl S-HFPS bis- 
(3 5-diniethyl-4-hydroxyphenyl) phenyl S-HFPS. tris-(3.5-dimethyl-4-hydroxyphenyl) S-HFPS. 4-t-butyloxycarbony!oxv- 
phenyl diphenyl S-HFPS. bis-(4-t-butyloxycarbonyloxyphenyl) phenyl S-HFPS. tris-(4-t-butyloxycarbonyloxyphenyl) S- 
HFPS, 4-t-butyloxycarbonylphenyl diphenyl S-HFPS, bis-(4-t-butyloxycarbonylphenyl) phenyl S-HFPS tris-(4-t-butv- 
loxycarbonylphenyl) S-HFPS, 4-t-butyloxycart)onylmethylenoxyphenyl diphenyl S-HFPS. bis-(4-t-butyloxycarbonylDhe- 
nyl) phenyl S-HFPS. tris-(4-t-butyloxycarbonylphenyl) S-HFPS. 4-phenylthiophenyl diphenyl S-HFPS bis-f4- 
phenylthiophenyl diphenyl) phenyl S-HFPS. tris-{4-phenylthioph9nyl diphenyl) S-HFPS. 2-naphthyl diphenyl S-HFPS 
o '^"""^ P^^"^' t^"°a"«hrylium HFPS. 9-anthryl diphenyl S-HFPS, 4 methylphenyl bis-(4-t-butylphenyl) 

S-HFPS. bis-(4-methylphenyl) 4-t-butyIphenyl S-HFPS, 4-t-butyioxyphenyl bis-(4-t-butylphenyl) S-HFPS bis-(4-t-buty- 
loxyphenyl) 4-t-butylphenyl S-HFPS. 4-cyclohexyIphenyl bis-(4-t-butylphenyl) S-HFPS. bis-(4-cyclohe)iylphenyl) 4-t- 
bulylphenyl S-HFPS. 4-chlorophenyl bls-(4-t-butylphenyl) S-HFPS. bis-(4-chlorophenyl) 4.t-butylphenyl S-HFPS 4- 
N.N-dimethytaminophenyl bis-(4-t-butylphenyl) S-HFPS. bis-(4-N,N-dimethylaminophenyl) 4-t-butylphenyl S-HFPS 4- 
hydroxyphenyl bis-{4-t-butylphenyl) S-HFPS, bis-(4-hydroxyphenyl) 4-t-butylphenyl S-HFPS, 4-methoxyphenyl bis-(4-t- 
l^o Lfroof^^^^' bis-(4-methoxyphenyl) 4-t-bulylphenyl S-HFPS, S.S-dimethyM-hydroxyphenyl bis-(4-t-butylphe- 
u S-^!.PS^is-(3.5-dimethyl-4-hydroxyphenyl) 4-t-butylphenyl S-HFPS. 4-t-butyIoxycarbonyloxyphenyl bis-(4-t-butyl- 
^ u !^ o . • bis-(4-t-buty!oxycarbonyl oxyphenyl) 4-t-butylphenyl S-HFPS 4-t-butyloxycarbonyl phenyl bis-(4-t- 
buty^phenyl) S-HFPS. bis-{4-t-butyloxycarbonylphenyl) 4-t-butylphenyl S-HFPS, 4-t-butyloxycarbonyl methylenoxyphe- 
nyl bis- 4-t-butylphenyl) S-HFPS, bis-(4-t-butyloxycarbonylmethylen oxyphenyl) 4-t-butylphenyl S-HFPS 4-phenylthi- 
ophenyl bis-(4-t-butylphenyl) S-HFPS, bis-(4-phenylthiophenyl) 4-t-butylphenyl S-HFPS. 2-naphthyl bis-(4-t- 
butirtphenyl) S-HFPS. 9-anthryl bis-(4-t-butylphenyl) S-HFPS. bis-(4-methylphenyl) 4-methoxyphenyl S-HFPS 4-t- 
butylphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(4-t-butylphenyl) 4-methoxyphenyl S-HFPS. 4-cyclohexylphenyl bis-f4- 
o t^^n^^P^-®"^^ bis-{4-cyclohexylphenyl) 4-methoxyphenyl S-HFPS. 4-chlorophenyl bis-(4-methoxyphenyl) 

K K • '"^-(^■chlorophenyl) 4-methoxyphenyl S-HFPS. 4-N.N-dimethylaminophenyl bis-(4-methoxyphenyl) S-HFPS 
bis-(4-N.N-dimethylaminophenyl) 4-methoxyphenyl S-HFPS, 4-hydroxyphenyl bis-(4-methoxyphenyl) S-HFPS bis-(4- 
hydroxyphenyl) 4-methbxyphenyl S-HFPS. 4-t-butyloxyphenyl bis-(4-methoxyphenyl) S-HFPS, bis-(4-t-butyloxyphenyl) 
4-methoxyphenyl S-HFPS, 3.5-dimethyl-4-hydroxyphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(3.5-dimethyl-4-hydroxY- 
phenyl) 4-methoxyphenyl S-HFPS, 4-t-butyloxycarbonyl oxyphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(4-t-butyloxy 
carbonyloxyphenyl) 4-methoxyphenyl S-HFPS. 4-t-butyloxycart)onylphenyl bis-(4-methoxyphenyO S-HFPS bis-(4-t- 
butyloxycarbonylphenyl) 4-methoxyphenyl S-HFPS. 4-t-butyloxycarbonyl methylenoxyphenyl bis-(4-methoxyp'henyl) S- 
HFPS, bis-(4-t-butytoxycarbonylmethylen oxyphenyl) 4-methbxyphenyl S-HFPS, 4-phenylthiophenyl bis-(4-methoxy- 
phenyl) S-HFPS, bis-{4-phenylthiophenyl) 4-methoxyphenyl S-HFPS, 2-naphthyl bis-(4-methoxyphenyl) S-HFPS 9- 
anlhryl bis-{4-methoxyphenyl) S-HFPS. 4-cyclohexylphenyl bls-(4-t-butyloxyphenyl) S-HFPS. bis-(4-cyclohexylphenyl) 

4- t-birt3^oxyphenyi S-HFPS. 4-chlorophenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-chlorophenyl) 4-t-butyloxyphenyl 

5- HFPS. 4-N.N-dimethylaminophenyl bis-(4-t-butyloxyphenyl) S-HFPS, bis-(4-N,N-dimethyl aminophenyl) 4-t-butyloxy- 
phenyl S-HFPS, 4-hydroxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-hydroxyphenyl) 4-t-butyloxyphenyl S-HFPS 
4-methoxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS, bis-(4.methoxyphenyl) 4-t-butyloxyphenyl S-HFPS. 3 5-dimethyl-4^ 
hydroxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(3.5-dimethyl-4-hydroxyphenyl) 4-t-butyloxyphenyl S-HFPS 4-t- 
butyloxycarbonyloxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-t-butyloxycarbonyloxyphenyl) 4-t-butyloxyphef^yl S- 
HFPS. 4.t-butyloxycarbonyI phenyl bis-(4-t-butyloxyphenyl) S-HFPS bis.(4-t-butyloxycarbonylphenyl) 4-t-butyloxy phe- 
nyl S-HFPS. 4-t-butyloxycarbonylmethylenoxyphenyl bls-(4-t-butyloxyphenyl) S-HFPS. bis-(4-t-butyloxycarbonylmeth- 
ylenoxyphenyl) 4-t-butyloxyphenyl S-HFPS. 4-phenyl thiophenyl bis-(4-t-butyloxyphenyl) S-HFPS bis-{4- 
phenylthiophenyl) 4-t-butyloxypheny|. S-HFPS. 2-naphthyl bis-(4~butyloxyphenyl) S-HFPS. 9-anthryl bis-(4-t-butyloxy- 
phenyl) S-HFPS. trimethyl S-HFPS, butyl dimethyl S-HFPS, dibutyl methyl S-HFPS, cyclohexyl methyl S-HFPS. dicy- 
clohexyl methyl S-HFPS. p-oxocydohexyl dimethyl S-HFPS. p-oxocyclohexyl cyclohexyl methyl S-HFPS. p- 
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oxocyclohexyl 2-nort)ornyl methyl S-HFPS. phenyl dimethyl S-HFPS. diphenyl methyl S-HFPS. 4-methylphenyl dime- 
thyl S-HFPS. bis-(4-methylphenyl) methyl S-HFPS. 4-t-butylphenyl dimethyl S-HFPS. bis-(4-t-butylphenyl) methyl S- 
HFPS. 4-t-butyloxyphenyl dimethyl S-HFPS, bis-(4-t-butyloxyphenyl) methyl S-HFPS. 4-cyclohexylphenyl dimethyl S- 
HFPS. bis-(4-cyclohexylphenyl) methyl S-HFPS. 4-chlorophenyl dimethyl S-HFPS. bis-(4-chlorophenyl) methyl S- 
HFPS. 4-N.N-dimethylaminophenyl dimethyl S-HFPS. bis-(4-N.N<limethyl£minophenyl) methyl S-HFPS. 4-hydroxy- 
phenyl dimethyl S-HFPS. bis-(4-hydroxyphenyl) methyl S-HFPS. 3.5-dimethyi.4-h>'droxyphenyl dimethyl S-HFPS. bis- 
(3.5-dimethyl-4-hydroxyphenyl) methyl S-HFPS. 3.5-dimethoxy-4-hydroxyphenyl dimethyl S-HFPS. bls-(3.5-dimethoxy- 

4- hydroxyphenyl) methyl S-HFPS. 4-methoxyphenyl dimethyl S-HFPS. bis-(4-methoxypheny1) methyl S-HFPS, 4-t- 
butyloxycarbonyloxyphenyl dimethyl S-HFPS. bis-(4-t-butyloxycarbonyloxyp,nenyl) methyl S-HFPS. 4-t-butyloxycarbo- 
nylphenyl dimethyl S-HFPS. bis-(4-t-butyloxycartony!phenyl) methyl S-HFPS. 4-t-butyloxycarbonylmethylenoxyphenyl 
dimethyl S-HFPS. bis-(4-t-butyloxycarbonylmethyIenoxyphenyI) methyl S-HFPS. 4'phenylthiophenyl dimethyl S-HFPS 
bis-(4-phenylthiophenyI) methyl S-HFPS. 2-naphthyl dimethyl S-HFPS. bis-(2-naphthyl) methyl S-HFPS. 4-hydroxy- 
naphthyl dimethyl S-HFPS. bis-(4-hydroxynaphthyl) methyl S-HFPS. 9-anthryl dimethyl S-HFPS. bis-(9-anthryl) methyl 

5- HFPS. 2-naphthyl dibutyl S-HFPS, phenyl tetramethylene S-HFPS. 4-m.ethylphenyl tetram ethylene S-HFPS. 4-t- 
butylphenyl tetramethylene S-HFPS. 4-t-butyloxyphenyl tetramethylene S-HFPS. 4-cyclohexylphenyl tetramethylene S- 
HFPS. 4-chlorophenyl tetramethylene S-HFPS. 4-N.N-dimethylaminophenyl tetramethylene S-HFPS. 4-hydroxyphenyl 
tetramethylene S-HFPS. 3.5-dimethyl-4-hydroxyphenyl tetramethylene S-HFPS. 3.5-dimethoxy-4-hydroxyphenyl 
tetramethylene S-HFPS. 4-methoxyphenyl tetramethylene S-HFPS. 4-t-but>'loxycarbonyloxyphenyl tetramethylene S- 
HFPS. 4-t-butyIoxycarbony!phenyl tetramethylene S-HFPS. 4-t-butyloxycarbonylmethylenoxyphenyl tetrazu ethylene S- 
HFPS. 4.phenylthiophenyl tetramethylene S-HFPS. 2-naphthyl tetramethylene S-HFPS. 4-hydroxynaphthyl tetrameth- 
ylene S-HFPS. 9-anthryl tetramethylene S-HFPS. phenyl pentamethylene S-HFPS. 4-methy!ph3nyl pentam ethylene S- 
HFPS. 4-t-butylphenyl pentamethylene S-HFPS. 4-t-butyloxyphenyl pentamethylene S-HFPS. 4-cyclohexylphenyl pen- 
tamethylene S-HFPS. 4-chlorophenyl pentamethylene S-HFPS. 4-N,N"dimethylaminophenyl pentamethylene S-HFPS. 
4-hydroxyphenyI pentamethylene S-HFPS. 3.5-dimethyl-4-hydroxyphenyl pentamethylene S-HFPS. 3.5-dimethoxy-4- 
hydroxyphenyl pentamethylene S-HFPS. 4-methoxyphenyl pentamethylene S-HFPS. 4-t-butyloxycar'bonyloxyphenyl 
pentamethylene S-HFPS. 4-t-butyloxycarbonylphenyl pentamethylene S-HFPS. 4-t-butyloxycarbonyl methylenoxyphe- 
nyl pentamethylene S-HFPS, 4-phenylthiophenyl pentamethylene S-HFPS. 2-naphthyl pentamethylene S-HFPS, 4- 
hydroxynaphthyl pentamethylene S-HFPS. 9-anthryl pentamethylene S-HFPS. phenylcarbonylmethylene dimethyl S- 
HFPS, phenyicarbonylmethylene tetramethylene S-HFPS. phenylcarbonylmethylene pentamethylene S-HFPS, 2- 
naphthylcarbonylmethylene dimethyl S-HFPS. 2-naphthyIcarbonylmethyiene tetramethylene S-HFPS. 2-napthylcarbo- 
nylmethylene pentamethylene S-HFPS. diphenyl l-HFPS. bis-(4-methylphenyl) l-HFPS. bls-(3.4-dimethyIphenyl) I- 
HFPS. bis-(4-t-butylphenyl) l-HFPS. bis-(4-t-butyloxyphenyl) l-HFPS. bis-(4-cyciohexyIphenyl) l-HFPS. bis-(4-trifluor- 
omethylphenyl) l-HFPS. bis-(4-chlorophenyl) l-HFPS. bis-(2.4-dichlorophenyl) l-HFPS. bis-(4Kjimethylaminophenyl) I- 
HFPS. bis-(4-hydroxyphenyl) l-HFPS. bis-(3.5<limethyl-4-hydroxyphenyl) l-HFPS. bis-(4-methoxyphenyI) l-HFPS. bis- 
(4-t-butyloxycarbonyloxyphenyl) l-HFPS. bis-(4-t-butyloxycarbonylphenyl) l-HFPS, bis-(4-t-buty!oxycarbonyi methylene 
oxyphenyl) l-HFPS. bis-(4-phenylthiophenyl) l-HFPS. bis-(3-methoxycarbony!phenyf) l-HFPS. bis-(2-naphthyl) l-HFPS. 
dithienyl thienyl 1-HFPS. 4-methylphenyI phenyl l-HFPS. 3.4<Jimethyfphen>1 phenyl I-HFPS. 4-t-butylphenyl phenyl I- 
HFPS, 4-t-butyloxyphenyl phenyl l-HFPS. 4-cyclohexylphenyl phenyl l-HFPS. 4-trifIuorom ethyl phenyl phenyl l-HFPS. 
4-chlorophenyl phenyl l-HFPS. 2.4-dichlorophenyl phenyl l-HFPS. 4-dimethylaminophenyI phenyl l-HFPS. 4-hydroxy- 
phenyl phenyl l-HFPS. 3.5-dimethyl-4-hydroxyphenyl phenyl l-HFPS, 4-methoxyphenyl phenyl l-HFPS. 4-t-butyloxycar- 
bonyloxyphenyl phenyl l-HFPS. 4-t-butyloxycarbonylpheny! phenyl l-HFPS. 4-t-butyloxocarbonyl methyleneoxyphenyl 
phenyl l-HFPS. 4-phenylthiophenyl phenyl l-HFPS. 3-methoxycarbonylphenyl phenyl l-HFPS, 2-naphthyl phenyl I- 
HFPS. 9-anthryl phenyl l-HFPS, thienyl phenyl l-HFPS, and onium salts wherein S-HFPS of the above compounds 
have been replaced with sulfonium nonafluorobutane sulfonate, and onium salts wherein l-HFPS of the abo'/e com- 
pounds have been replaced with iodonium fluorobutane sulfonate. 

[0037] The onium salt precursor, which generates a f luorinated alkanesulfonic acid, may be synthesized by various 
processes. For example, the sulfonium salt may be synthesized by a process described in Y. Endo, K. Shudo. and T. 
Okamato. Chem, Pharm Bull.. 29, 3753 - 3755 (1981). and by the same process described in a synthesis example 
desaibed in J.V. Crivello and J.H.W. Lam. Macromolecules, 10. 1307 - 1315 (1977). 

[0038] The onium salt precursors, which generate fluorinated alkanesulfonic acids, may be contained alone or as a 
mixture of two or more in the composition according to the present invention. 

[0039] According to the composition of the present invention, the amount of the onium salt precursor added, which 
generates a fluorinated alkanesulfonic acid, may be properly determined in such an amount range as will provide the 
effect of the onium salt pecursor. In the case of the positive-working chemically amplified radiation sensitive composi- 
tion, the amount of the onium salt precursor added is preferably about 0.1 to 30 pals by weight, more preferably about 
0.5 to 15 parts by weight, based on 100 parts by weight of the film forming hydroxystyrene based resin present in the 
composition. On the other hand, in the case of the negative-working chemically amplified radiation sensitive composi- 
tion, the amount of the onium salt precursor added is preferably about 0.1 to 30 parts by weight, more preferably about 
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0.5 to 15 parts by weight based on 100 parts by weight of the film forming hydroxystyrene based resin present In the 
composition. 

[0040] If required, the onium salts precursor of the present Invention, which generate fluorlnated alkanesulfonic 
acids, may be used In combination with other PAGs. Preferable PAGs are those which can maintain high transparency 
of the (a) positive-working or (b) negative-working chemically amplified radiation sensitive composition at the irradiation 
wavelength, particularly near 365 nm. 248 nm. or 193 nm. As a general feature, suitable additional PAGs should pro- 
duce acids, preferably sulfonic acids, which have a boiling point above 1 50* C. Examples of preferred PAGs include var- 
ious anionic sulfonlum salts or iodonium salts. Examples thereof include sulfonlum or lodonlum camphor sulfonates 
sulfonium or lodonium 2.4<iimethylben2enesulfonates. sulfonium or iodonium toluenesulfonates. sulfonlum or iodonium 
pentafluorobenzenesulfonates. 1 -anthrylsulfonates. or 9.10-dimethoxyanthrylsulfonates. Especially preferred are the 
sulfonium or iodonium 2-acrylamido-2-methy|.l -propanesuifonates. Other examples of prefen-ed Ionic PAGs Include the 
respective diazonium saits. ammonium salts, phosphonium salts, selenonium salts, or arsonlum salts. Examples of pre- 
ferred nonionic PAGs include o-nitrobenzyl sulfonates, aryl sulfonates. bis-[(2.2.2-trifluoro-1-alkylsulfonyloxy)-i.trlfluor- 
omethylethyO-benzenes. bis-[(2.2.2-trifluoro-1 -aryisuifonyloxy)-l -trrfluoromethylethylj-benzenes. a a -bis- 
(arylsulfonyOdiazomethanes. a . a -bis-(alkylsu!fonyl)diazomethanes.a. a-bis-(arylsulfbnyl)metharies. diarylsulfones a 
-arylcarbonyl- a -arylsulfonyldiazomethanes. a -arylcarbonyl- a -arylsulfonylmethanes, a -hydroxymethyl benzoin sul- 
fonates. oximesulfonates. iminosulfonates. and N-sulfonyloxy pyridones. Especially preferred is the combination of the 
onium salts of the present invention with a. a -bis-(aryIsulfonyl)diazomethanes or a . a -bis-(alkylsulfonyl)diazometh- 
anes as non-ionic PAGs. 

(b) Film f orming hydroxy stvrene based resin 

[0041] The composition according to the present invention comprises a film forming hydroxystyrene based resin 
The film forming hydroxystyrene based resin refers to a polymer of 4.hydroxystyrene. S-hydroxystyrene. or 2-hydrQxys- 
tryene. or a co-. tar-, quater- or pentapolymer of the styrenes and other monomers. As described below, different mod- 
ifications or properties are required of the film forming hydroxystyrene based resin depending upon whether the 
chemically amplified radiation sensitive composition is of positive-working type or negative- working type. 

(I) Where chemicailY amplified radiation sensitive ccmoositlon is of positive-working ty pe 

[0042] When the chemically amplified radiation sensitive compcsition of the present invention is of positive-working 
type, the film forming hydroxystyrene based resin is made alkali insoluble by protecting alkali soluble groups on the 
resm with an acid cleavable protective group According to a preferred embodiment of the present invention, the hydrox- 
ystyrene based resin has multiple acid cleavable (preferably pendant) C-O-C or C-O-Si groups and Is made alkali insol- 
uble by protecting alkali soluble groups on the resin by the acid deavable protective groups. 

[0043] According to a preferred embodiment of the present invention, the hydroxystyrene based resin has a molec- 
ular weight in the range of 2,000 to about 100,000 with the polydlspersity being in the range of 1.01 to 2.99. more pref- 
erably a molecular weight in the range of 2,000 to 20,000 with the polydispersity being not more than 2.20.' 
[0044] According to a preferred embodiment of the present invention, the transmission per micrometer film thick- 
ness of the hydroxystyrene based resin is generally better than 50% at irradiation wave length. The solubility of the base 
resin, not protected by acid cleavable groups, in a standard aqueous alkaline developer solution (2.38% tetramethylam- 
monlum hydroxide) at 2rC is preferably above 5.000 angstrom/min, more preferably above 10,000 angstrom/mln. On 
the other hand, the hydroxystyrene based resin protected by add cleavable groups has virtually no solubility. That is. 
the solubility thereof in the same standard aqueous alkaline developer solution is preferably less than 800 ang- 
strom/mln. more preferably less than 400 angstrom/min. 

[0045] According to the composition of the present invention, the base skeleton of the hydroxystyrene based resin 
is not particularly limited and may be properly determined by taking into consideration applications of the composition, 
radiation wavelength for exposure, production conditions, chemical composition and the like. According to a preferred 
embodiment of the present Invention, examples of hydroxystyrene based resins usable herein Include: poly-(4-hydrox- 
ystyrene); poly-(3.hydroxystyrene); poly-(2-hydroxystyrene): and copolymers of 4-, 3-, or 2-hydroxystyrene with other 
monomers, particularly bipolymers and .terpolymers. Examples of other monomers usable herein include 4-. 3-. or 2- 
acetoxystyrene. 4-. 3-. or 2-alkoxystyrene, styrene. a -methylstyrene. 4-. 3-. or 2-alkylstyrene. 3-alkyl-4-hydro)0^styrene. 
3.5-dialky!-4-hydroxystyrene. 4-. 3-. or 2-chlorostyrene. 3-ch]oro-4-hydroxystyrene, 3.5-dlchloro-4-hydroxystyrene. 3- 
bromo-4-hydroxystyrene. 3.5-dibromo-4-hydroxystyrene. vinylbenzyl chloride. 2-vinyInaphthalene. vinylanthracene. 
vinylanilline. vinylbenzoic acid, vinylbenzoic acid esters. N-vinylpyrrolidone, 1 -vinylimidazole. 4-, or 2-vinyIpyridine. 1- 
vinyl-2-pyrrolidinone, N-vinyl lactam, 9-vinylcarba5dle. viniH benzoate. acrylic add and its derivatives. Le. methyl acr- 
ylate and its derivatives, acrylamide and its derivatives, methacrylic acid and its derivatives, i.e. methyl methacrylate 
and its derivatives, methacrylamide and Its derivatives, acrylonitrile. methacrylonitrlle, 4-vinyl benzoic acid and its deriv- 
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atives. i.e. 4-vinyl benzoic acid esters. 4-vinyIphenoxy acetic acid and its derivatives, i.e. 4-vinylphenoxy acetic acid 
esters, maleimide and rts derivatives. N-hydroxymalermide and its derivatives, maleic anhydride, maleic/fumaric acid 
and their derivatives, i.e. maieic/fumaric acid ester, vinyltrimethylsilane. vinyltrimethoxysilane, or vinylnorbornene and 
its derivatives. Another examples of preferred other monomers usable herein include isopropenylphenol propenylphe- 
nol. poly-(4-hydroxyphenyl) (meth)acry!ate. poly-(3-hydroxyphenyl) (meth)acrylate. poiy-(2.hydroxyphenyl) (meth)acr- 
ylate. N-(4-hydroxyphenyI) (meth)acrylamide. N-(3-hydroxyphenyl) (meth)acrylamlde. N-(2-hydroxyphenyI) 
(meth)acrylamide. N-(4-hydroxybenzyl) (meth)acrylamlde, N-(3-hydroxyben2yl) (meth)acrylamide, N-(2-hydroxyben- 
2y() (meth)acrylamide, 3-(2-hydroxy-hexaf!uoropropyl-2)-styrene. and 4-(2.hydroxy-hexafluoropropyl-2)-styrene. 
[0046] As described above, when the chemically amplified radiation sensitive composition is of positive-working 
type, the hydroxystyrene based resin is made alkali insoluble by protecting alkali soluble groups on the resin with an 
acid cleavable protective group. The Introduction of the protective group may be carried out by an proper method 
depending upon alkali soluble groups on the resin, and could be easily carried out by a person having ordinary skill in 
the art. 

[0047] For example, when the alkali soluble group on the resin is a phenolic hydroxyl group, the phenolic hydroxyl 
groups present in the resin are partly or fully protected by an acid labile protective group, preferably by one or more pro- 
tective groups which form acid cleavable C-O-C or C-O-Si bonds. Examples of protective groups usable herein include 
acetal or ketal groups formed from alkyi or cycloalkyi vinyl ethers, silyl ethers formed from suitable trimethylsilyl or t- 
butyl(dimethyl)silyl precursors. alkyI ethers formed from methoxymethyl. methoxyethoxymethyl. cyclopropylmethyl. 
cyclohexyl. t-butyl. amyl. 4-methoxyben2yl. o-nitrobenzyl. or 9-anthrylmethyl precursors, t-butyl carbonates formed from 
t-butoxycarbonyl precursors, and carboxylates formed from t-butyl acetate precursors. 

[0048] When the alkali soluble group on the resin is a carboxyl group, the carboxyl groups present on the resin are 
partly or fully protected by an acid labile protective group, preferably by one or more protective groups which form acid 
cleavable C-O-C or C-O-Si bonds. Examples of protective groups usable herein include alkyI or cycloalkyi vinyl ethers 
and esters formed from precursors containing methyl, methyloxymethyl. methoxyethoxymethyl. benzyloxy methyl, phen- 
acyl. N-phthalimidomethyl. methylthiomethyl. t-butyl. amyl. cyclopentyl. 1-methylcyclopentyl. cyclohexyl. 1-methylcy- 
clohexyl. 2-oxocyclohexyl. mevalonyl, diphenylmethyl. a-methylbenzyl. o-nitrobenzyf. p-methoxybenzyl. 2.6- 
dimethoxybenzyl. piperonyi. anthrylmethyl, triphenyl methyl. 2-methyladamantyl. tetrahydropyranyl, tetrahydrofuranyl. 

2- alkyl-1 .3-oxazolinyl. dibenzosuberyl. trimethylsilyl. or t-butyldrmethylsilyl group. 

[0049] According to the present Invention, the above resins may be used alone or as a mixture of two or more. 
[0050] The hydroxystyrene based resin is especially useful for exposure with i-line (365 nm) or DUV (248 nm) radi- 
ation, e-beam, Ion beam or x-rays. 

[0051] According to a preferred embodiment of the present invention, some of the PAGs (photoacid generators) 
described above are especially suitable for exposure with VDUV (193 nm) radiation, as they exhibit excellent absorption 
characteristics at this specific wavelength. 

[0052] Examples of hydroxystyrene based resins suitable for VDUV (193nm) applications include co- or terpoly- 
mers of (meth)acrylates with acid-cleavable protective groups and methyl (meth)acrylate. isobornyl (meth)acrylate, 
adamantyl (meth)aCTylate, norbornyl (meth)acrylate, tricyclo[5.2.1.0.2 6]decanyl (meth)acrylate. or menthyl (meth)acr- 
ylate, co- or terpolymers of maleic acid anhydride with norbornene. 5.6-dihydrodicyclopentadiene. or 1 ,5-cyclooctadi- 
ene derivatives as disclosed in EP 794.458A1. or copolymers with polyalkylcyclic compounds, such as 8-methyl-8- 
carboxy tetracyclo[4.4.0.1.^-^.1,^^°]dodecene, 8-methyl-8-methoxycarbonyl tetracyclo[4.4.0.l.2-5 i/ ioj dodecene. 5- 
methyl-5-methoxycarbbnyl blcyclo[2.2.1] hept-2-ene. or 8.9-dicarboxylic anhydride tetracycio [4.4.0.1.2-5.i7 iOj ^iodec- 

3- ene as disclosed in EP 789.278A2 and WO 97/33.198. 

[0053] According to a preferred embodiment of the present invention, when the positive-working radiation sensitive 
composition according to the present invention may contain a dissolution inhibitor. According to the present invention, 
the dissolution inhibitor per se Is not an essential component of the composition which creates good lithographic per- 
formance. However, the dissolution inhibitor is often useful for improving specific properties of the positive-working radi- 
ation sensitive composition. 

[0054] Examples of preferred dissolution inhibitors usable herein include polymer, oligomer, or monomer com- 
pounds having at least one acid cleavable C-O-C or C-O-Si groups. According to the present invention, oligomers or 
low-molecular weight compounds having a molecular weight of not more than 3,500. particularly not more than 1 .000, 
are preferred. More specific examples of dissolution inhibitors usable herein include monomer or oligomer compounds 
having 1 to 10 phenolic hydroxyl groups which are partly or fully protected by a protective group having acid cleavable 
C-O-C or C-O-Si bonds. Protective groups, which provide such bonds, include acetal or ketal formed from aliphatic or 
alicyclic vinyl ether, silyl ethers formed from suitable trimethylsilyl or t-butyl(dimethyl)silyl precursors, alkyl ethers formed 
from methoxymethyl. methoxyethoxymethyl, cyclopropylmethyl, cyclohexyl, t-butyl, amyl. 4-methoxybenzyl. o-nitroben- 
zyl. or 9-anthrylmethyl precursors, t-butyl carbonates formed from t-butoxycarbonyl precursors, and t-butyl or related 
phenoxyacetates formed from t-butyl or related acetate precursors. Further specific examples of dissolution inhibitors 
usable herein include monomer or oligomer compounds having 1 to 6 carboxyl groups which are partly or fully protected 
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by a protective group having an acid cleavable C-O-C or C-O-Si bonds. Protective groups, which provide such bonds 
.nc ude aliphatic or cycloaliphatic vinyl eihBrs and esters formed from precursors conlaining methyl, methyloxymethyl" 
methoxyethoxymethyl. benzyloxymethyl. phenacyl. N-phthalimidomethyl. methylthiomethyl. t-butyl. amy! cyclooentv^" 
1-methylcyclopentyl, cyclohexyl. 1 -methylcyclohexyl. 2-oxocyclohexyl. mevalonyl. diphenylm ethyl. a-meUiylbenzyl o- 
nitrobenzyl. p-methoxybenzyl. 2.6<Jimethylbenzyl, piperonyl. anthrylmethyl. triphenylmethyl, 2-methyladamantyl let- 
rahydropyranyl. tetrahydrofuranyl. 2-alkyl-1.3-oxazolinyl. dibenzosuberyl. trimethylsilyl. or t-butyldimethylsilyl group. 
[0055] Further examples of preferred dissolution inhibitors include the following compounds: 

1. those having at least one orthocartoxylate ororthocaitoxyamide-acetal groups, with the option to be polymeric 
2%TlTLTaS'irE^2^28 636^ ''""^"^ ^i^mevAs in the main chain or as side-chain substituents (DE 

2. oligomeric or polymeric compounds having recurring acetal or ketal groups in the main chain (DE 2.306 248 and 
DE 2,718,254); ' ' 

3. compounds having at least one end ether or N-acylimlnocarbonate group (EP 0.006.626 and 0 006 627)- 

4. cyclic acetals or ketals of b-ketoesters or -amides (EP 0.202.196); * • • ^ 

5. compounds having silyl ether groups (DE 3,544,165 and DE 3.601 ,264); 

6. compounds having silyl enol ether groups (DE 3,730.785 and DE 3,730.783); 

7. monoacetals or monoketals whose aldehyde or keto component has a solubility in the developer between 0 1 
and 100 g/l (DE 3.730.787); 

8. oligomer or polymer N.O-acetals (US 5.286.602); 

9. monomer or polymer acetals with t-butyloxycarbonyl groups (US 5.356.752 and US 5.354.643); and 

10. monomer or polymer acetals with sulfonyloxy groups (US 5.346.804 and US 5.346.806). 

[0056] These dissolution inhibitors may be added alone or as a mixture of two or more to the composition, 
( ii) Where Chemically amnlified radiation sensitive cQ m oosition is of neaative-wnrking ty pft 

[0057] When the radiation sensitive composition of the present invention is of positive-working type the composi- 
tion comprises an photoacid generator, a film forming alkali soluble hydroxystyrene based resin and in addition 
optionally an acid-sensitive crosslinking agent. Specifically, when the resin is an acid-sensitive self-crosslinkable resin' 
the crosslinWng agent is unnecessary. On the other hand, when the resin is not se!f-crosslinkable. the compositior^ 
according to the present invention further comprises an acid-sensitive crosslinking agent. 

[0058] According to a preferred embodiment of the present invention, in the negative-working radiation sensitive 
composition, the hydroxystyrene based resin has a molecular weight in the range of 2.000 to about 100 000 with the 
polydispersity being in the range of 1.01 to 2,80. more preferably a molecular weight in the range of 2 000 to 20 000 
with the polydispersity being not more than 2.20. 

[0059] According to a preferred embodiment of the present invention, the transmission per miaometer film thick- 
ness of the hydroxystyrene based resin is better than 50% for light at irradiation wavelength. The solubility of the resin 
in a water-soluble standard alkaline developer solution (2.38% tetramethylammonium hydroxide) at 2rc Is preferably 
above 1 .000 angstrom/min. more preferably above 3,000 angstrom/min. 

[0060] According to the composition of the present invention, the base skeleton of the hydroxystyrene based resin 
IS not particularly limited and may be properly determined by taking into consideration applications of the composition 
radiation wavelength for exposure, production conditions, chemical composition and the like. According to a preferred 
embodiment of the present invention, examples of hydroxystyrene based resins usable herein include: poly-(4-hydrox- 
ystyrene); poly-(3-hydroxystyrene); poly-(2-hydroxystyrene); and copolymers of 4-. 3-. or 2-hydroxystyrene with other 
monomers, particularly bipolymers and terpolymers. Examples of other monomers usable herein include 4- 3- or 2- 
acetoxystyrene. 4-. 3-. or 2-alkoxystyrene. styrene. a -methylstyrene. 4-. 3-. or 2-alkylstyrene. 3-aIkyl-4-hydroxystyrene 
3.5-dialky|.4-hydroxystyrene. 4-. 3-, or 2-chlorostyrene. 3-chloro-4-hydroxystyrene. 3.5-dichIoro-4-hydroxystyrene 3^ 
bromo-4-hydroxystyrene, 3.5<iibromo-4-hydroxystyrene. vinylbenzyl chloride. 2-vinylnaphthalene. vinylanthracene 
vinyianilline. vinylbenzoic acid, vinylbenzoic acid esters. N-vinylpyrrolidone. 1 -vinylimidazole. 4-. or 2-vinylpyridine 1- 
vinyl-2-pyrrolidinone. N-vinyl lactam. 9-vlnylcarbazole. vinylbenzoate. acrylic acid and its derivatives. I.e. methyl acr- 
ylate and its derivatives, glycidyl acrylate. acrylamide and its derivatives, methacrylic acid and its derivatives i e methyl 
methacrylate and its derivatives, glycidyl methacrylate. capped 2-isocyanate ethyl methacrylate. methacrylamide and 
Its derivatives, acrylonitrile. methacrylonitrile. 4-vinyl benzoic acid and Its derivatives, i.e. 4-vinyl benzoic acid esters. 4- 
vinylphenoxy acetic acid and Its derivatives, i.e. 4-vlnylphenoxy acetic acid esters, maleimide and its derivatives N- 
hydroxymaleimide and its derivatives, maleic anhydride, maleic acid and fumaric acid and their derivatives, i.e. maleic 
acid esters and fumaric acid esters, vinyltrimethylsilane, vinyltrimethoxysilane. or vinyl-norbornene and its derivatives. 
Another examples of preferred other monomers usable herein Include isopropenylphenol. propenylphenol. poly-(4- 
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hydroxyphenyl) (meth)acrylate. poly- (3 -hydroxy phenyl) (meth)acrylate. poly-(2-hydroxyphenyl) (meth)acrylate, N-(4- 
hydroxyphenyl) (meth)acrylamide. N-(3-hydroxyphenyl) (meth)acrylamide. N-(2-hydroxyphenyl) (meth)acrylamide N- 
(4-hydroxyben2yl) (meth)acrylamide. N-(3-hydroxybenzyl) (meth)acrylamide. N-(2-hydroxyben2yl) (meth)acry!amide 
3-(2-hydroxy-hexafluoropropyl-2)-styrene.and4-(2-hydroxy-hexafluoropropyi-2)-styrene. 

[OOSA] According to the chemically amplified radiation sensitive compositicn of the present invention, the resin is 
either acid-sensitive self-aosslinkable or non-self-crosslinkable. In the former, at least one acid-sensrtive functional 
group is present in the resin. This acid sensitive group crosslinks the film forming alkali soluble hydroxystyrene based 
resin molecule through an acid generated from the photoacid generator to render the resin alkali insoluble. On the other 
hand, the latter requires the presence of a crosslinking agent. This crosslinking agent crosslinks the film forming alkali 
soluble hydroxystyrene based resin through an acid generated from the photosdd generator to render the resin alkali 
insoluble. According to the present invention, the film forming hydroxystyrene based resin per se is not self-crosslinka- 
ble. However, at least one crosslinking portion of the crosslinking agent may be introduced into the resin to render the 
resin self-crosslinkable. 

[0062] According to a preferred embodiment of the present invention, examples of crosslinking agents usable 
herein include oligomers or monomers having at least two crosslinking portions. Various crosslinking agents of this type 
are known in the art. and the crosslinking agent may be properly selected by tsking various conditions into considera- 
tion. Preferably, however, the crosslinking agent is selected based on radiation wavelength for exposure. For example, 
resols are not very useful crosslinkers for DUV irradiation due to their high Inherent. absorption at this wavelength, but 
they may be employed when conventional NUV illumination systems are used. 

[0063] Examples of preferred crosslinking agents usable herein include monomeric and oligomeric melamines/for- 
maldehyde and urea/formaldehyde condensates as described in EP-A 133.216. DE-A 36 34 371 and DE 37 11 264. 
More preferred crosslinking agents are urea/formaldehyde derivatives which contain two to four N-hydroxymethyl, N- 
alkoxymethyl, or N-acyloxymethyl groups. In particular, the N-alkoxymethyl derivatives are suitable for use in the nega- 
tive-working chemically amplified radiation sensitive composition of the present invention. Urea derivatives with four N- 
alkoxymethyl groups are especially preferred because they provide better shelf life stability of the chemically amplified 
negative-wroking radiation sensitive composition than derivatives with a smaller number of alkoxymethyl groups. The 
nature of the alkyl group in these derivatives is not particularly critical in this connection, however, methoxymethyl 
groups are preferred. The urea/formaldehyde compound may contain in addition to the methoxymethyl groups 
ethoxymethyl, propoxym ethyl, or butoxymethyl groups or mixtures thereof. Also preferred are urea/formaidehyde deriv- 
atives which contain two to six N-hydroxymethyl. N-alkoxymethyl. or N-acy I oxy methyl groups. 

[0064] Melamine derivatives which contain on average at least three, in particular at least 3.5 alkoxymethyl groups 
are preferred because they provide better shelf life stability of the negative-working chemically amplified radiation sen- 
sitive composition than derivatives with a smaller number of hydroxymethyl groups. The nature of the alkyl group in 
these derivatives is not particularly critical in this connection, however, methoxymethyl groups are preferred. The mela- 
mine/formaldehyde compound may contain, in addition to the methoxymethyl groups, ethoxymethyl, propoxymethyl. or 
butoxymethyl groups or mixtures thereof. Mixtures of urea/formaldehyde compound and melamine/formaJdehyde com- 
pound are particularly preferred. Before their use as crosslinking agents In negative-working chemically amplified radi- 
ation sensitive compositions, the above condensation products should be purified by recrystallization or distillation and 
any water present should be removed because traces of water have a negative impact on the shelf life stability of the 
negative-working chemically amplified radiation sensitive composition. Various melamine and urea resins are commer- 
cially available. Here reference Is made to the products Cymel® (Mitsui Cytec), Nicalacs® (Sanwa Chemical Co.). Plas- 
topal® (BASF AG), or Maprenal® (Clariant GmbH). 

[0065] Other suitable crosslinking agents are the resols disclosed in GB 2.082.339. Commercially available prod- 
ucts include Bakelite® R. or Kelrez®. Also useful are the crosslinking agents disdosed in EP 212 482. such as aromatic 
hydrocarbons containing two or three alkoxymethyl, hydroxymethyl or acyloxymethyl groups. 

[0066] Other crosslinking materials include di- or trifunctionaJ carbonyl aldehydes and ketones, acetals. enolethers. 
vinylethers. vinylesters, acrylates, methacrylates. epoxides, or divinylstyrene. 

[00671 When the crosslinking agents is introduced into the resin to render the resin self-crosslinkable, examples of 
crosslinking agents usable for this purpose include copolymers with (meth)acrylmethoxymethylamide. (meth)acrylvinyl- 
, -alkenyl-. -ally!-, or alkynyl, esters, glycidyl {meth)acrylate or reaction products of 2-isocyanatoethyl methacrylate with 
unsaturated alcohols or amines. 

(c) Other additives 

[0068] Both the positive-working chemically amplified radiation sensitive composition and the negative-working 
chemical amplified radiation sensitive composition according to the present invention may further contain other per- 
formance improving additives such as dyes to adjust the material absorption, plasticizers to reduce the brittleness of 
the material film and to optimize the adhesion on the substrate, surfactants to improve the material film uniformity, sen- 
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s tizers to amplify the quantum yield of the PAG. photospeed enhancers to increase the photosensitlvitv solubilltv m^H 
ujtors to .mprove the contrast, thermal radical generators to improve the film hardne^ upon a SaSke^^^^^^^^ 
ac.d>c latent >mage stabilizers to improve the material stattlity during its processing f^af^bake. and basic or 

[0069] Suitable dyes include e.g. aromatic diazoketone derivatives, such as 9-diazo-io-nhPnarrthrr>n« i ^-o , 

?ot7r"Tfrr"^^~~ 

ispXthy^n?^^^^^^^^^ '"'"'^ '"^P'*^"'^ ^'^'^ ^^^^'octylterephthalate. or poly glycols, such 

[0071] Suitable surfactants include nonionic surfactants, such as polyglycols and their derivatives i e nolvnrnnwi 
ene glycol, or pclyoxyethylene laurylether. fluorine containing surfactarts. such as Ruora^- fr^Sfr^^^^^ 
3M. Ltd.). Megafac - (available from Dainippon Ink & Chemi'cals. Inc.). SurfTon ~ (Sfe trim S a^^^G^S 
L^ff ^^"^ surfactants, such as KP341 (available from ShinE^u Chemicai co Ud ) * 
onrS 11!'?"® sensitizers include e.g. thioxanthone. coumarin. or phenanthrene derivatives 
WsphLol A ^-S- P^'yP^'^o' °^ benzotriazole derivatives, such as resorcinol. catechol, or 

[0074] Solubility modulators include difunctional vinyl ethers, such as 2.2-bis{vinyloxyethoxyDhenvnDronan^ „r 
[K'^XeZS^'^f - ethylene glycol di(mCcXe 

^ i K 3^^'^*°^= '""='^^spe^O'<'des. such as t-butylperbenzoate. or dicumi peroxide orazo-com 

pounds having a scorch temperature above 1 GOOC. aicumyi peroxiae. or azo-com- 

i°„«T? • ^f"" '"""^^^ stabilizers include amines, such as tribenzylamine. dicyclohexylamine or triath- 

anolamine. nitrogen containing heterocycles. such as lutidine. dimethyiaminopyridine pyrim^inrammonium 
pounds, such as tetrameth^ ammonium hydroxide, tetrabutyl ammonium hydroxSe or teSLefh^ ar^mZmTaSte 

idP \lh»n?/'^r' f '""^^ stabilizers are suHbnium derivatives, such as triphenyl sulfonium hydrox- 

ide, tnphenyl sulfonium acetate, or triphenyl sulfonium lactate. Acidic latent image stabilizers include e g sirylte add 
Sax (polysalicylic acid derh.-atives available from Mitsui Chemical K.K.). 4<limeth^amino benzoic acid^'^LSte 

S to .T^'i^^ the amount of these additives added may be appropriately determined, it is preferably about 
?oS79 ^'r!!?'* "^""^ °" "'^'3'* °' "^"^^'^ ^"^'''^ ^^diation sensitive compoS 

KdiatiornlircoT^^^^^^^^^^^^ 

formula (l)^° "^'^^ °^ ^"'^"'""^ °' °' ^ ""O^nated alkanesulfonic acid represented by 

0-Si tondf "^'^^ °' ^""^"^ hydroxystyrene based resin having multiple acid cleavaWe C-O-C or C- 

S n IT ""^'^^ °' dissolution inhibitor having at least one acid cleavable C-O-C or C-O-Si bond- and 
(4) 0.01 to 5.0 parts by weight of the performnace improving additive. o u oi oona. ana 

[0080] Further, the negative-working chemically amplified radiation sensitive composition comprises 

formula (l)^° "^^^ °^ °' '^^"'""^ ^ fluorinated alkanesulfonic acid represented by 

(2) 1 00 parts by weight of the hydroxystyrene based resin, 

(3) 3 to 70 parts by weight of the acid-sensitive crosslinking agent, and 

(4) 0.01 to 5.0 parts by weight of the performance improving additive. 

US9 fff ft9 pomposition <?f the prpspnt invenfon/radiation s^nsltivp r^^rr^ na mprih.m .nH prpdurtinn nrnr«c ^.r^i 

io^alled "n^l'r^S^^"^ ^"^"^'f '**f °" '^"^"'^^ composition according to the present invention is used as the 
s?a^«tr/lS^12^1 T'!T°^^ "^^'^ composition is coated on various substrates, and the coated sub- 

pJS'^rxt™:^^^^^^^^ "'"'"^ " ^'-'"^ - 

Sm como'Sin'lJ.Tf K^w°"^ aspect Of the present invention, there is provided a radiation sensitive recorting 

S^SSZ cZ^;, ^^■^T'' ^'^J^'^" °" ^"^^^^t^- tt'e radiation sensitive layer 

comprising the composition according to the present invention, 

[0083] The composition according to the present invention may be coated, either as such or after dissolution in var- 
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ious solvents, onto the substrate. Examples of preferred solvents include ethylene glycol and propylene glycol and the 
monoalkyi and dialkyi ethers derived therefrom, especially the monomethyl and dimethyl ethers and the monoethyl and 
diethyl ethers, esters derived from aliphatic (Ci • Cs) carboxylic acids and either (Ci - C8)-aIkano!s or (Ci - C8)-alkan- 
diols or (Ci - C6)-a!koxy-(Ci - C8)-alkanols. such as ethyl acetate, hydroxyethyl acetate, alkoxyethyl acetate, n-butyl 

£ acetate, amyl acetate, propylene glycol monoalkyi ether acetate, especially propylene glycol monomethyl ether acetate, 
propylene glycol monomethyl ether, ethyl lactate, ethyl pyruvate, ethers such as tetrahydrofuran and dioxane, ketones 
such as methyl ethyl ketone, methyl isobutyl ketone, methyl amyl ketone, cyclopentanone. and cyclohexanone, N.N- 
dialkylcarboxyamides such as N.Nndimethylformamide and N.N-dimethylacetamide. and also l-methyl-pyrrolidin-2-one 
and butyrolactone as well as any desired mixture thereof. Among them, the glycol ethers, aliphatic esters and ketones 

10 are preferred. 

[0084] Ultimately, the selection of the solvent or solvent mixture depends on the coating process used, on the 
desired layer thickness and on the drying conditions. The solid content of the solution is preferably about 5 - 60% solids, 
particularly about 1 0 -50% solids. 

[0085] The composition according to the present invention may be coated onto the substrate by any method without 
15 particular limitation, and the coating method may be properly selected by taking into consideration purposes and the 
like. 

[0086] According to a preferred embodiment of the present invention, the chemically amplified radiation sensitive 
composition of the present invention is used as a photoresist materia! on a semiconductor substrate. Examples of sub- 
strates referred to herein include all those materials for production of capacitors, semiconductors, multi-layer printed cir- 

20 cuits or Integrated circuits. Specific mention should be made of silicon substrates, silicon oxide, silicon oxynitride. 
titanium nitride, tungsten nitride, tungsten silicide. aluminum, phosphor-spin-on glass, boron-phosphor-spin-on-glass, 
gallium arsenide, indium phosphide, and the like. In addition, these substrates may be coated with thin films of organic 
antireflective coatings consisting of organic polymers and a dye absorbing at the exposure wavelength. Furthermore, 
suitable substrates are those known from the production of liquid-crystal displays, such as glass or indium tin oxide, and 

25 also metal plates and sheets, as well as bimetallic or trimetallic sheets or electrically non-conducting which are coated 
with metals or paper. These substrates may be thermally pretreated. superficially roughened, incipiently etched or pre- 
treated with chemicals to improve desired properties, such as increase of the hydrophilic nature, or to improve adhesion 
between the photoresist and the substrate. Preferably used adhesion promoters for silicon or silicon oxide substrates 
are adhesion promoters of the aminosilane type, such as hexamethyldisilazane. or 3-aminopropyltriethoxysilane. 

30 [0087] The chemically amplified radiation sensitive composition according to the present invention may also be 
used as radiation sensitive coatings for the production of photochemical recording layers, such as printing plates for let- 
terpress printing, including lithographic printing, screen printing and flexographic printing. Especially useful is their 
application as radiation sensitive coatings on aluminum plates, which have been surface grained, anodlcally oxidized 
and/or silicatized. and zinc or steel plates, which have optionally been chromium plated, and paper or plastic sheets. 

35 [0088] Further, the chemically amplified radiation sensitive composition according to the present Invention may be 
used in the manufacture of three dimensional microdevices, such as micro actuators, micro gears, and the like using 
fabrication techniques known to those skilled in the art. such as the LIGA process. 

[0089] The (a) positive-working or (b) negative-working chemically amplified radiation sensitive compositions 
according to the present invention is coated onto a substrate followed by drying to form a layer having a thickness of 

40 about 0.1 to 100 ^m, preferably about 0.3 to 10 ^m. depending upon applications. 

[0090] Thereafter, the coated substrate Is exposed to actinic radiation. Suitable radiation sources are conventional 
broadband radiation sources, such as metal halide lamps, carbon arc lamps, xenon lamps and mercury vapor lamps, 
which may be filtered to yield narrow band emission, or excimer lasers, such as KrF excimer lasers, or ArF lasers, but 
also electron beams, ion beams, or x-rays. Particularly preferred are KrF excimer lasers, or ArF lasers emitting at 248 

45 nm and 193 nm, respectively, and electron beams as well as x-rays. 

[0091] Further, according to another aspect of the present invention, there is provided a process for producing a 
recording medium, comprising the steps of: dissolving the composition of the present Invention in a solvent; coating the 
solution onto a substrate to form a radiation sensitive layer; and removing the solvent by evaporation. 
[0092] According to this aspect of the present invention, the chemically amplified radiation sensitive corrposition 

so may be coated onto the substrate by spray coaling, flow coating, roller coating, spin coating, dip coating or the like. 
Thereafter, the solvent is removed by evaporation to leave the radiation sensitive layer as a film on the substrate. The 
removal of the solvent can be achieved by heating the film to about 150°C. Alternatively, a method my be used which 
comprises coating the radiation sensitive composition onto an intermediate substrate material by the above method and 
then transferring the coating onto a contemplated substrate by pressure, heat or a combination of pressure with heat. 

55 All materials suitable as substrate materials may be used as materials for the intermediate substrate. Thereafter, the 
layer thus formed is exposed image by image. After the exposure, the layer is heated at 60 to 150°C for 30 to 300 sec 
in order to sensitize the latent image. 

[0093] The layer is then treated with a developer. In the development in the case of the positive-working radiation 
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sensitive composition, the exposed regions are dissolved and removed, while, in the case of the negative-workina radi- 
ation sensitive composition, the unexposed regions are dissolved and removed. ^ 
10094] As a result, images of the master, which has been exposed image by image, are left on the substrate The 
heatmg of the layer before the development step increases the sensitivity of the recording material accordJia to t^! 
present inventon and is essential to produce extremely fine patterns. If the heating step is ca^e^Tut at te^^^^^^^ 
which are too low, adequate sensitivity of the material is not achieved, or. depending on the aS>^?in enX ohS 
chemically amplrfied reaction, complete failure of the image formation may be observlj If *e ^^i ^ZZSre l 
too high, impairment of the resolving power may result. i-mperature is 

[0095] Suitable developers are aqueous solutions which contain hydroxides, particularly hydroxides of tetraalkvl 
ammonium ions, such as tetramethyl ammonium hydroxide. Other developers include the aqueous solutions c^Sa 
ahphatic amines, or N-containing heterocydes. or silicates, metasilicates. hydrogenphosphates and dihVdro^^hn? 

^p"e2!o27^';ZT..°^ "nf manufacturing aredescribe^f in ulp 4.14^^3? 

H J ' ^ 4.729.941. or EP-A 23.758. EP-A 62.733 and EP-A 97. 282. and these developers may aS 
JJ^^tJ. ^^T"' ^^^^^^ces in the developer solution is in general about 0.1 to 15% brS p^erably 

,S ^ ^, ""^'^"^ ""^^ °" '^"'9*'* °' ^^«'°P«^ Developers which are free of m^ate areTeN 

:;Se"Soro;^Sre"r:::^"--*-^^ 



EXAMPLES 



^ w 7^!"'®^®"* invention will be described in more detail with reference to the following exarrples. though it is 
not limited to these examples only. a «»■ > ■k>«»>. uiougn ii is 

Synthesis Example 101: 

Preparation of diphenyl 4-t-butylphenyl 3.3.3.2, 1.1-hexafluoropropane sulfonate (PAG 101) 

A column having a length of 55 cm and an inner diameter of 5 cm was packed with 700 g of Amberlvst A-2S 

°^ added to 3,000 ml of a 54% aqueous 

solution of tetramethyl ammonium hydroxide. This alkali solution was used to convert the chloride form of the Amberlvst 
lon-exchange resin to its hydroxide form. «f nuenyst 

SSq! ^ of "^l '^^^^^ '^'^ methanol until the solution withdrawn from the column became neutral. 
^ J?: ^ 1 .! of diphenyl 4-t-butylphenyl bromide was dissolved in about SO ml of methanol. The solution 
was passed through the column by elution with methanol at a rate of 30 ml/hour. 

[0100] The eluate was monitored using a potentiometer and occasionally tested for the absence of bromide ions 
oTS Hrf'-J!? S"'Tw™^f *^ ^"centration of the hydroxyl group was determined by titration with 

Sinhl^Pl J^ Jll? Va^^"^ 4.t-butylph6nyl hydroxide was about 100%. The solution was adjusted to 1.0 mmol/g 
oipnenyl 4-t-butylphenyl hydroxide. 

[0101 J With stirring, to 500 g (50 mmol) of the diphenyl 4-t-butylphenyl hydroxide was added dropwise 10 45 a f50 
mmol) Of freshly 3.3,3,2.1 .1-hexafluoropropane sulfonic acid diluted with 50 ml of methanol at room temperature The 
mixture was stirred at room temperature for 24 hours. The solvent was removed by evaporation 

vfcfl . . f ^^^-^ 3 "'"^ '"'^s crystallized to give pure diphenyl 4-t-butylphenyl 

3,3,3.2, 1.1-hexafluoropropane sulfonate. / /r / 

[0103] The purity was measured by HPLC and found to be > 99%. 

^H-NMR (CDCI3): 1.44 (s, 9H.4-t-butyl). 5.23 - 5.41 {d(m], 1H, CHF), 7.62 - 7.78 ppm (m, 14H, aromatic). 
Synthesis Example 102: 

Preparation of triphenyl suHbnium 3.3.3.2. 1.1-hexafluoropropane sulfonate (PAG 102) 

[0104] 91 .03 g (0.45 mol) of diphenyl sulfoxide was dissolved in 1 300 ml of benzene in a 2-riter three-neck round- 
bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a condenser, and a nitrogen Inlet The mixture 
was cooled to 40c with vigorous stirring. Asolution of 189.0 g of (0.90 mol) trifluoroacetic anhydride and 104 4 g (0 45 
md) of 1 ,1 ,1 ,2,3,3-hexafluoropropane sulfonic add was added dropwise thereto, while the temperature was maintained 
under ice cooling. After completion of the addition, the mixture was stirred for 1 hour. 

[01 05] The temperature was returned room temperature, followed by stirring for additional 1 5 hour& After standing 
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overnight, two separate phases were formed. The upper phase was removed and discarded. Tne oily bottom phase of 
approximately 500 ml volume was dropped Into 2000 ml of diethyl ether, upon which a semi^rystalline deposit was 
formed. The ether was decanted, and the precipitate was dissolved in a minimum amount of dichloromethane The 
solution was added dropwise to 1 000 ml of vigorously stirred diethyl ether to reprecipitate the product. 
[01 06] After completion of the addition, stirring was continued for 2 hours. After the solid was separated from diethyl 
ether, this procedure was repeated once more to enhance the crystallinity of the product. The mixture was filtered and 
the semi-crystals were collected yielding 165.0 g of crude sulfonium salt. The melting point of the crude sulfonium salt 
was 104 - 109'C. 

[0107] Depending on the purity, the crystals can be either recrystallized from ethyl acetate or dissolved In the min- 
imum amount of dichloromethane and purified by column chromatography on silica gel using a 95 : 5 dichloromethane- 
methanol mixture to perform purification. The first fractions containing unreacted diphenyl sulfoxide were discarded 
After collection of the main fractions, the solvent was evaporated to leave 135.5 g (yield 60.9%) of triphenyl sulfonium 
3.3,3,2. 1.1-hexafluoropropane sulfonate as white crystals (m.p. ill - 1 12**C). 

^H-NMR (CDCI3): 6 = 5.24 - 5.41 (d(m]. 1H), 7.63 - 7.74 (m. 15H) ppm. 

[0108] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 103: 

Preparation of tris-(4-t-butylphenyl) sulfonium 3.3.3.2. 1.1 -hexafluoropropane sulfonate (PAG 1C3): 

[0109] 48.18 g (0.15 mol) of bis-(4-t-butylphenyl) sulfoxide (prepared from diphenyl sulfde and t-butyl bromide via 
FeCIa catalyzed afkylation and subsequent oxidation with 2-chloroben2oic acid) was dissolved in 400 ml of 4-t-buty!ben- 
zene In a 1 -liter three-nsck round-bottom flask equipped with a stirrer, a thermometer, a drcpping funnel, a condenser 
and a nitrogen inlet. 

[01 1 0] The mixture was cooled to 4«C with vigorous stirring. A solution of 63.0g (0.30 mol) of trif luoroacetic anhy- 
dride and 34.8g (0.15 mol) of 1.1.1. 2.3.3-hexafluoropropane sulfonic acid was added dropwise thereto, while the tem- 
perature was maintained under ice cooling. After completion of the addition, the mixture v/as stirred for 1 hour. The 
temperature was returned to room temperature, followed by stirring for additional 15 hours. After standing overnight, 
two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase of approxi- 
mately 150 ml volume was diluted with 800 ml of diethyl ether, and washed twice with water and a sodium bicarbonate 
solution. The organic phase was dried over MgS04. After removal of the solvent, a semicrystalline solid was obtained. 
The semicrystalline solid was recrystallized from diethyl ether. 

[0111] Thus, white crystals of tris-(4-t-butylphenyl) sulfonium 3.3,3,2.1.1 -hexafluoropropane sulfonate (42%) (m d 
238- 240»C) was obtained. 

^H-NMR (CDCI3): 6 = 1.34 (s. 27H). 5.32 - 5.53 (d[m]. 1H). 7.62 - 7.65 (d. 6H). 7.68 - 7.71 (d. 6H) ppm. 

[01 1 2] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Examples 104 to 108: 

[0113] The following sulfonium salts were prepareid in substantially the same manner as in the above synthesis 
examples (PAGs 104 - 108). 

Trls-(4-methylphenyl) sulfonium 3.3.3,2,1.1 -hexafluoropropane sulfonate (PAG 104): 

^H-NMR (CDCI3): 5 = 2.42 (s. 9H). 5.24 - 5.41 (d[m]. 1H). 7.43 - 7.45 (d. 6H). 7.51 - 7.53(d. 6H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
4-Methylphenyl-diphenyl sulfonium 3.3,3,2.1,1 -hexafluoropropane sulfonate (PAG 105): 

^H-NMR (CDCI3): 6 = 2.45 (s. 3H). 5.24 - 5.40 (d[m]. 1H). 7.44 - 7.46 (d. 2H). 7.51 - 7.53 (d. 2H). 7.63 - 7.76 
(m. 1 0H) ppm. 
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The purity was determined by HPLC analysis and found to be > 97%. 
Bis-{4-methylph6ny1)phenyl sulfonium 3.3.3.2. 1.1-hexafluoropropane sulfonate (PAG 106) 

^H-NMR (CDCI3): 6 = 2.43 (s. 6H). 5.23 - 5.40 {d(m], 1H). 7.44 - 7.46 (d. 4H). 7.52 - 7.54 (d. 4H) 7 65 - 7 78 
(m. On) ppm. ■ 

The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-butylphenyl)phenyl sulfonium 3,3.3,2.1.1 -hexafluoropropane sulfonate (PAG 107) 

^H-NMR (CDCI3): 8 = 1.34 (s. 18H). 5.32 - 5.54 (d[m]. 1H). 7.63 - 7.79 (m. 13H) ppm. 

4-CyclohexyIphenyl-diphenyl sulfonium 3.3.3.2.1, 1-hexafluoropropane sulfonate (PAG 108) 

^H-NMR {CDCI3): 8 = 1.12 - 1.74 (m. 10H). 2.41 - 2.43 (m, 1H). 5.28 - 5.50 (d[m]. 1H). 7.24 - 7.27 (d 4H) 7 63 
- 7.79 (m .9H) ppm. \ • /. • 

Synthesis Example 109: 

Preparation of tris-(4-butoxyphenyi) sulfonium 3,3,3.2. 1,1 -hexafluoropropane sulfonate (PAG 109) 

[0114] To a stirred solution of 60.0 g (0. 164 mol) of bis-(4-t-butoxyphenyl) sulfoxide in 26.8 g (0 34 mol) of pyridine 
and 400 ml of tetrahydrofuran was dropped 75.6 g (0.34 mol) of trimethylsilyl 3,3,3,2.1,1 -hexafluoropropane sulfonate 
while keeping the temperature below -5»C with a salted ice bath. After completion of the addition, the reaction temper- 
ature was raised to 5»C. followed by stirring for 20 minutes. A Grignard solution was prepared from 8 4 g (0 34 mol) of 
magnesium. 100 g of tetrahydrofuran and 68.6 g (0.38mol) of 4-t-butoxy chlorobenzene. and added dropwise to the 
above solution at 0°C. The mixture was stirred for 2 hours at this temperature. Then water was added to decompose 
the excess Grignard reagent, and the inorganic salts were removed by filtration. The solution was concentrated to about 
160 ml and extracted with.a mixture of 1200 ml of dichloromethane, 600 g of a saturated aqueous solution of ammonium 
Chloride and 600 ml water. The organic phase was washed twice with water and dried. The solvent was removed to 
yield an oily product which was then purified by column chromatography on silica gel using dichloromethane as the elu- 
ant. Thus. tris-(4-butoxyphenyl) sulfonium 3,3,3.2, 1,1 -hexafluoropropane sulfonate was obtained as a slightly yellowish 
powder (m.p. 107'C). s »/ /chuwiwi 

[0115] The structure was confined by iH-NMR(CDCl3) with 8= 1.42 (S.27H), 5.14- 5.52 (drml 1H) 717-720M 
6H) and 7.55 - 7.60 ppm (d, 6H). " ' ^ ' 

Synthesis Example 110: 

Preparation of tris-(4-t-butoxycarbonylmethoxyphenyl) sulfonium 3.3.3,2, 1,1 -hexafluoropropane sulfonate (RAG 110) 

[0116] A solution of 56.8 g (O.OSmol) of tris-(4-butoxyphenyl) sulfonium 3,3,3,2, 1.1 -hexafluoropropane sulfonate 
and 1 .86 g (0.008 mol) of 3.3.3,2. 1 . 1 -hexafluoropropane sulfonic acid in 200 ml of ethanol was ref luxed for 8 hours with 
stirring. After evaporation of the solvent, the obtained crude product of tris-(4-hydroxyphenyl) sulfonium 3 3 3 2 1 1 -hex- 
afluoropropane sulfonate (yield about 100%) was dissolved in 160 g of N.N-dimethylformamide and reacted with 55 4 
g (0.40 mol) of anhydrous potassium carbonate and 60.3 g (0.40 mol) of t-butyl chloroacetate at BOOC for 3 hours The 
cooled reaction mixture was poured into 700 ml of water and extracted with dichloromethane. The organic phase was 
washed with water and dried. The solvent was removed. The oily residue was purified by column chromatography on 
silica gel using a dichloromethane and methanol as the eluent. The white product was collected to yield 31 8 g (yield 
45 %) of analytically pure tris-(4-t-butoxycarbonylmethoxyphenyl) sulfonium 3.3.3,2. 1.l-hexafluoropropane sulfonate 
The melting point of the product was 78°C. The ^H-NMR spectrum gave the following signals 

(CDCI3): 5 = 1.45 (s. 27H). 4.56 (s. 6H), 5.20 -5.56 (d[m]. 1H), 7.10 - 7.13 (d. 6H). 7.55 - 7.60 (d. 6H). 
Synthesis Example 111: 

Preparation of p-oxocydohexyl 2-norbomyI methyl sulfonium 3.3.3,2,1.1 -hexafluoropropane sulfonate (PAG 1 1 1) 
[0117] To a solution of 14.14 g (0.106 mol) of 2-chlorocyclohexane in 100 mi of ethanol was added dropwise 50 ml 
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of a 1 5% solution of methylmercaptane sodium salt. The mixture was stirred for 3 hours. Then 600 ml water was added 
and the mixture was extracted with dichloromethane. The organic phase was dried, and the solvent was removed to 
yield crude p-oxocyclohexyl methyl sulfide, which was purified by distillation (b.p. 45 - 47^C/0.3 mmHg). 
[01 18] 2.0 g (15.6 mmol) of this product was dissolved in10 ml of nitromethane and added dropwise with 20 g f 1 14 

5 mmol) of 2-bromonorbornane and stirred at room temperature for 1 hour. 

[01 1 9] After that, a solution of 1 .89 g (1 5.6 mmol) of silver 3.3.3,2. 1 , 1 -hexaf luoropropane sulfonate dissolved in 400 
ml of nitromethane was added dropwise to the reaction mixture and stirred for three hours at room temperature The 
silver bromide was removed by filtration. The filtrate was concentrated to 50 ml. and then added dropwise to 600 ml of 
diethyl ether. The precipitated solid was collected, washed with ether and recrystallized from ethyl acetate. The yield of 

JO p-oxocyclohexyl 2-norbornyl methyl sulfonium 3.3.3,2.1 ,1 -hexaf luoropropane sulfonate was 1.67 g. 

^H-NMR (CDCI3): 6 = 1.33 - 2.28 (m. 16H). 2.30 - 3.10 (m. 5H). 3.65 - 3.77 (m. 1H). 4.95 - 5.53 ppm (2m. 2H). 
Synthesis Example 112: 

15 

Preparation of bis-(4-cyclohexylphenyl) iodonium 3,3,3.2, 1,1 -hexaf luoropropane sulfonate (PAG 112) 

[0120] A 500 ml three-neck round bottom flask equipped with a stinrer. a thermometer, a dropping funnel, a con- 
denser, and a nitrogen inlet was charged with 43 g (0.20 mol) of potassium iodate. 69.2 g (0.43 mol) of cyclohexylben- 

20 zene and 43 ml acetic anhydride. 

[0121] The mixture was cooled to -S^'C. A mixture of 43 ml of acetic anhydride and 30.1 ml concentrated sulfuric 
acid was added dropwise thereto with vigorous stirring. During the addition, the reaction temperature was kept below 
5**C. After the end of the addition, the temperature of the reaction solution was returned to room temperature over a 
period of 2 to 3 hours. The resulting mixture was left for 48 hours and cooled to 5**C. 100 g of a 1 : 1 ice/water mixture 

25 was added with stirring. During this operation, the reaction temperature was kept below lO^'C. 

[01 22] Precipitated crystals of potassium salts were removed by filtration, and the mixture was extracted twice with 
petroleum ether. To the remaining aqueous solution was added dropwise 45 g of ammonium bromide dissolved in 100 
ml water with stirring. 

[0123] The precipitate of bis-(4-cyclohexylbenzene)iodonium bromide was isolated by filtration, washed, and dried. 

20 [0124] 15.26 g (28.5 mmol) of the bromide was dissolved in 100 ml of dichloromethane and 7.3 g (34.2 mmol) of 
1.1.1 .2.3,3-hexaf luoropropane sulfonic acid was added. The mixture was stirred at reflux for 6 hours. Hydrogen bromide 
evolved. After cooling, the reaction mixture was washed twice with a 2.5% aqueous solution of tetramethyl ammonium 
hydroxide and then dried. The solvent was then removed. The yellowish residue was recrystallized from an isopropa- 
nol/isopropyl ether mixture to give 12.2 g (63 %) of bis-(4-cyclohexylphenyl) iodonium 3.3.3.2, 1.1 -hexaf luoropropane 

35 sulfonate. This product had a melting point of 97°C. 

^H-NMR (CDCI3): 6 = 1.12 - 1.76 (m. 20H). 2.41 - 2.44 (m, 2H), 4,96 - 5.18 (m. 1H). 7.16 - 7.19 (d. 4H), 7.78 - 7 81 
(d, 4H) ppm. 

40 [0125] The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Examples 113-115: 

[0126] The following sulfonium salts were synthesized in substantially the same riianner as in the above synthesis 
45 examples (PAGs 113- 115). 

Diphenyl iodonium 3,3,3.2,1.1 -hexaf luoropropane sulfonate (PAG 113) 

^H-NMR (CDCI3): 6 = 4.98 - 5.20 (d[m], 1H), 7.61 - 7.78 (m. 10H) ppm. 

so 

Bis-(4-methylphenyI) iodonium 3, 3.3, 2. 1,1 -hexaf luoropropane sulfonate (PAG 114) 

^H-NMR (CDCI3): 6 = 2.42 (s. 18H). 4.96 - 5.18 (d[m]. 1H). 7.41 - 7.43 (d. 4H). 7.50 - 7.52 (d. 4H) ppm. 
55 Bis-(4-t-butylphenyl) iodonium 3,3.3.2.1 . 1 -hexaf luoropropane sulfonate (PAG 1 1 5) 

^ H-NMR (CDCI3): 6 = 1 .34 (s, 1 8H), 5.00 - 5.22 (d[m]. H), 7.62 - 7.65 (d. 6H), 7.68 - 7.71 (d. 6H) ppm. 
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Synthesis Example 116: 



Preparation of 4-methylphenyl phenyl iodonium 3,3,3.2. 1.l-hexafiuoropropane sulfonate (PAG 116) 

ture was stirred at room temperature for 2 hours. TheTemperature was rSurnoi to ^4 f n«Tn i i^^^ ^^^^ ^ 
toluene was added dropwise. After the addition, stirring was continura room^e^^^^^^^^^ Iddtiona 1 hTln ' 
solvent was evaporated. The oily residue was dissolved in diethyl ether After coo inn XC^^I.V /.^ !^ 

ShC'°°°"^ ' ' ■ ■ <* ^- • (d. 2H,, 7.6, . 7.7e (0,. 

Synthesis Example 117: 

Preparation of bis-(4-butoxyphenyl)phenyl sulfonium 3.3.3.2.1.1.hexafluoropropane sulfonate (PAG 117) 

[0129] To a stirred solution of 60.0 g (0. 1 74 mol) of bis-(4-t-butoxyphenyl) sulfoxide in 26 8 n 94 m«i^ 

and 400 ml of tetrahydrofuran was dropped 75.6 g (0.34 mil) of trim^hylsify 3 3 3^1 hex^fuScfprooa^^^^^^ 

while keeping the solution temperature below -5-C with a salted (sodium chloride) ce bath A^fr roZT. T^^^ 

tion. the reaction temperature was raised to 5»C, followed by st i r^ "^20 mt 2 A^^^^^ 

prepared from 8.4 g (0.34 mol) of shaved magnesium. 100 g of tetrahydrofuran andl2 8 f/o 3^ m^nf .h. h 

and added dropwise to the above solution at 0-C. The mi:rt'ure was s^ed f^r 2 hours at^S^teS^^^ 

was added to decompose the excess Grignard reagent. The inorganic salts were removS bTfiStenlif J^r^ 

concentrated to about 160 ml and extracted with 1200 ml of dicSloromethaZ l^g^l saSS s^^^^^^^ 

n.um chlonde and 600 ml of water. The organic phase was washed twice with ^^^S^ jTi^^^T^L 

t^d^ iSsoreS'^ ''"^^ «^--»°^aphy on s^^sXsT^ci::^:^:.^:'^ 

S 3 3 fractions were combined and concentrated to obtain bis-(4-butoxyphenyl)phenyl sulfo- 

Synthesis Example 1 18: 

Preparation of bis-(4-methylphenyl)4-cyclohexylphenyl sulfonium 3.3.3.2. l.l-hexafluoropropane sulfonate (PAG 118) 
[0131] A mixture of 10.36 g (4.5 mmol) of ditolyl sulfoxide with 7.21 g (4.5 mmol) of 4-cvclohexvlhPn,^no ««« 

S r ? Phosphorus pentaoxide in 360 g of methanesulfonic acid) was added there o SeSiSna 

with a magnetic stin-er. The mixture was heated to about 50°C. Thus, a dark brown solution was Staini aTb th^ LTn 
thermjc reaction ceased, the mixture was stirred at 45'C for additional 3 hours. The tempeT^Le^slSen^^^^^^ 
room temperature, and the mixture was poured into 100 ml of water and 100 g of ice The sSv suso^dS^^^^^^^^^ 

TrTcTJfT^^' ' ^ °' 3.3.3.2.1.l-hexafluorop;Sa;;^ s^n c^cX^^^ 

od. The 0.1 was stirred for 1 hour, and 200 ml of ethyl acetate was added thereto. The mixture was extracted ^e om^nl 

w« »r',T^, removed^; d^tniSr^e Sy reSJe 

co^i'mX """^ '""^^ ~"temp.at Jmaterial Th^^trJ^^^^^^ 

lH-NMR(CDCl3)with5=1.08.1.74(m,10H).2.41-2.43(m.7H).5.27-S.48(d[m] 1H) 716-719fd2m 743 
- 7.46 (d.4H). 7.50 - 7.53 (d.4H). and 7.78 - 7.80 ppm(d.2H). ^aimj. in,. 7.16 7.19 (d. 2H). 7.43 

[0132] The purity was determined by HPLC analysis and found to be > 97%. 
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Synthesis Example 119: 

Preparation of tris-(4-chlorophenyl) sulfonium 3,3,3.2. 1,1-hexafluoropropane sulfonate (PAG 1 19) 

[0133] A mixture of 13.56 g (5.0 mmoQ of 4.4'-dichlorophenyl sulfoxide with 5.63 g (5.0 mmol) of 4-chIoroben2ene 
was placed in a 125 ml flask. Then 20 ml of a previously prepared phosphorus pentsoxide/metanesulfonic acid reagent 
(prepared by dissolving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic acid) was added thereto while stir- 
ring with a magnetic stirrer. A slight exothermic reaction occurred. The system was further heated at 55*»C for 6 hours 
This resulted in significant color development. The system was then cooled to room temperature. 
[01 34] The reaction mixture was poured into 1 00 ml of water and 1 00 g of ice. The slightly suspended solution was 
filtered, followed by addition of 11. 6g (5.0 mmol) of 3.3.3.2.1.1 -hexaffuoropropane sulfonic acid to yield a yellow oil. The 
oil was stirred for 1 hour, and 200 ml of dichloromethane was added thereto. The mixture was extracted. The organic 
phase was washed several times with water, and then dried. The solvent was removed by distillatton. The oily residue 
was recrystallized from ethyl acetate to give 6.5 g of the contemplated material. The structure was confirmed by ^H- 
NMR (CDCI3) with 5 = 5.25 - 5.52 (d[m], 1 H). 7.32 - 7.43 (d. 6H). and 7.63 - 7.74 (d. 6H) ppm. 
[01 35] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 120: 

Preparation of tris-(t-butoxycarlDonyloxyphenyl) sulfonium 3.3, 3. 2,1,1 -hexafluoropropane sulfonate (PAG 120) 

[0136] 56.8 g (0.08 mol) of tris-(4-butoxyphenyl) sulfonium 3.3.3.2. 1.1-hexa-luoropropane sulfonate (Synthesis 
Example 1 10) and 1.86 g (0.008 mol) of 3.3.3,2,1 .1-hexafluoropropane sulfonic add were dissolved in 200 ml of etha- 
nol. The solution was heated under reflux for 8 hours with stirring. After removsl of the solvent by distillation, the 
obtained crude product of tris-(4-hydroxyphenyl) sulfonium 3.3.3.2. 1 .1 -hexaf luoropropane sulfonate (yield about 100%) 
was dissolved in 160 g of N.N-dimethylformamide and reacted with 55.4 g (0.40 md) of anhydrous potassium carbon- 
ate and 60.3 g (0.40 mol) of di-t-butyl dicarbonate at 20°C for 3 hours. The reaction solution was poured into 700 ml of 
water arid extracted with dichloromethane. The organic phase was washed with water and dried. The solvent was 
removed by distillation. The oily residue was purified by column chromatography on silica gel using a dichloromethane 
and methanol as the developing solvent- The white product was collected to yield 31.8 g (yield 45 %) of analytically pure 
tris-(4-t-butoxycarbonylmethoxyphenyl) sulfonium 3.3.3.2. 1.1 -hexaf luoropropane sulfonate. The melting point of the 
product was 78^C. The ^H-NMR spectrum gave the following signals (CDCIa): 6 = 1 .45 (s. 27H), 5 30 - 5 56 (dfml 1 H) 
7.10 - 7.13 (d. 6H). 7.55 - 7.60 (d. 6H). 

Synthesis Example 121: 

Preparation of 4-methylphenyl dimethyl sulfonium 3.3.3.2.1. 1-hexafluoropropane sulfonate (PAG 121) 

[0137] A mixture of 7.81 g (10.0 mmol) of dimethyl sulfoxide with 9.21 g (10.O mmol) of toluene was placed in a 200 
ml flask. Then 40 ml of a previously prepared phosphorus pentaoxide/metanesuHonic acid reagent (prepared by dis- 
solving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic acid) was added thereto while stirring with a mag- 
netic stirrer. A slight exothermic reaction occurred. The system was stirred at room tenperature for 6 hours. The 
reaction mixture was poured into 1 50 ml of water and 1 50 g of ice. The slightly suspended solution was filtered, followed 
by addition of 23.2 g (10.0 mmol) of 3.3,3.2.1. 1-hexafluoropropane sulfonic acid to yield a colorless oil. The oil was 
stirred for 1 hour, and 200 mi of dichloromethane was added thereto. The mixture was extracted. 
[0138] The organic phase was washed several times with water, and then dried. The solvent was removed by dis- 
tillation. The oily residue was recrystallized from isopropyl alcohol to give 6.5 g of the contemplated material. The struc- 
ture was confirmed by ^H-NMR (CDCI3) with 6 = 2.41 (s. 3H). 3.46 (s. 6H). 5.32 - 5.56 (d[m]. 1H). 7,42 - 7.45 (d 2H), 
7.50 - 7.53 (d. 2H) ppm. 

[0139] The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Example 122: 

Preparation of 4-hdroxy-3.5-dimethylphenyl diphenyl sulfonium 3.3.3.2,1. 1-hexafluoropropane sulfonate (PAG 122) 

[0140] A mixture of 13.56 g (5.0 mmol) of diphenyl sulfoxide with 5.63 g (5.0 mmol) of 4-hydroxy-3.5-dimethylben- 
zene was placed in a 125 ml flask. Then 20 ml of a previously prepared phosphorus pentaoxide/metanesuHonic acid 
reagent (prepared by dissolving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic add) was added thereto 
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[01421 The purity was determined by HPLC analysis ar<i found to be > 97%. ' 'appm (m. 10H). 

Synthesis Example 123: 

Preparation Of 2^henylcarbonylmethyl dimethyl sulfonium 3.3.3,2 J.l-hexafluoropropane sulfonate 
" g (105 mmo,/o?3 3 ^2 P^^''^^*^"^''"-*^^' ^'-ethyl chloride was dissolved in 350 ml of chloroform, and 

Synthesis Example 124: 

^ Preparation of di-(4-t-butyloxyphenyl) iodonium 3.3.3,2.1. i-haxafluoropropane sulfonate (PAQ 124) 

10144] 6.2 g (0.11 mol) of potassium hydroxide was dissolved in 250 ml of ethanol 27 2 a m o*; mnn h;= m 
wSTdSrhl^olT^ 3 3^3.2.1.1-hexaf,uorc^ropane su^nate (prepared from a^etaSis^e^^1^ycLfc;idi 
was added to the solution. The mixture was stirred for 3 hcurs. Tne solution was then heated to saT IZl 1^ 7n ■, . 
mol) of t-butyl bromide was added dropwise thereto. The r-Jxrjre was heated S^^e^lux for 6 houS nrl^ • ; 

35 Synthesis Example 125: 

Preparation of di-(4-t-butylcarbonyloxymethyloxyphenyO iodcnium 3.3,3.2. 1.1-hexafluoropropane sulfonate (PAG 125) 
'°^^^! ^ compound was obtained in substantially the same manner as in the above svnthP«i« evamoi^. 

^^'mnSSST""' """^^ ^" ^'-""^ °' '-^"^^ t^romoaceta.e'^^hf sl^^e^^^^^^^^ 

6 = 1.42 (s. 18H). 4.55 (s. 4H). 4. 94 .- 5.18 (d(m]. 1H), 7.10 - 7.14 (d. 4H). 7.56 - 7.60 ppm (d. 4H). 
45 Synthesis Example 126: 

Preparation of 4-t-butylphenyl phenyl iodonium 3.3,3,2, 1,1-hexafluoropropane sulfonate (PAG 126) 

S.lt2 ii'i 1"""°'^ °* '°d°sy'benzene was suspended in 100 ml of dry dichloromethane. The suspension was 
SdSJnMH ^-^^ ^ ""^^ °' 3,3.3,2,1,1.hexafluoropropane sulfonic add (optio^rSfeS) 

hoM? ?H . ternperature thereto under exclusion of moisture. The mixture was stirred atTm temp^lre tori 
hours. The temperature of the mixture was returned to 0»C, and 2.68 9 (20 mmol) of 4.t-butvSTn2Z i^^!^ J 

ett '^efeS^^^ ''"^^"^^ °' ""'^""^ *° roomTempert;^r^^^^^^^ 

6 hours. Thereafter, the insolubles were removed by filtration. The solvent was removed from the filtrate "me oilv riT 



so 
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Example 101: 

10147] A copolymer of 4-hydroxystyrene and 4-t-butyloxycarbonyIstyrene was prepared by reacting monodisperse 
poly.4-hydroxystyrene with di-t-butylcarbonate. The copolymer had a molecular weight of 8.700 with a polydlspersity of 
1 .18 as determined by GPC using polystyrene as the standard. The molar ratio of 4-hydroxystyrene • 4-t-butyloxycarb- 
onylstyrene was 7 : 3 as concluded from inspection of the ^ H NMR spectrum. This copolymer will be hereinafter often 
refen-ed to as "POLY 1 01 

[0148] The following ingredients were mixed together to prepare a solution of a positive-working chemically amoli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: . 

9.8 g of the above copolymer. 

0.3 g of triphenyl sulfonlum 3.3,3,2.1.1 -hexafluoropropane sulfonate, 

0.02 of tetramethyl ammonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0149] The solution was filtered through a teflon filter having a pore diameter of 0.1 jim. spin coated on a silicon 
wafer pre-coated with DUV-1 8. an antlref lective coating provided by Brewer Science at a film thickness of 1 1 5 nm (bake 
temperature: 200=C). at 3.000 revolutions and dried at 90«C for 60 seconds on a hot plate to remove the solvent. Thus 
a 0.72 pm-thick thin film was obtained. 

[01 50] The recording material thus obtained was imagewise exposed using a mask providing lines and spaces pat- 
terns down to 0.10 ^im per image with a DUV stepper Nikon NSR 2005 EX 10B. having a numerical aperture (NA) of 
0.55 during exposure and a coherence factor (a) of 0.55 with a dose of 18 mJ/cm^. The medium was baked at 100°C 
for 90 seconds to develop the latent image, and then processed at 23^C by puddle development with AZ MIF 300. a 
surfactant free developer containing 2,38% by weight of tetramethyl ammonium hydroxide provided by Clariant Japan 
K.K. A defect-free image of the mask with high edge stability was obtained, structures < 0.25 jim being resolved faith- 
fully to detail and the width ratio (linearity of the resist) of nominally equal lines/space structures being virtually constant 
in the range between 1.00 nm and 0.25 nm. The resist profile was almost vertical and very smooth, as neither edge 
roughness nor standing waves were observed. 

Example 102: 

[0151] Radical copolymerization of 4-acetoxystyrene. styrene and t-butylmethacrylate was carried out in the pres- 
ence of 2.2-a20-bis-isobutyronitrile as a polymerization initiator, followed by hydrolysis of the acetate groups with an 
aqueous ammonium acetate solution to prepare a terpolymer of 4-hydroxystyrene, styrene and t-butyl methacrylate. 
The terpolymer had a molecular weight of 1 4,200 with a polydlspersity of 1 .69 as determined by GPC using polystyrene 
as the standard, and the molar ratio of 4-hydroxystyrene : styrene : t-butylmethacrylate was 7 : 2 : 1 as determined by 
NMR. This polymer will be hereinafter often referred to as "POLY 102." The following ingredients were mixed 
together to prepare a solution of a positive-working chemically amplified radiation sensitive composition suitable for 
DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.3 g of diphenyl iodonium 3,3,3.2,1.1-hexafluoropropane sulfonate, 

0,03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0152] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 60 sec- 
onds on a hot plate at 130*0 to yield a film thickness of 0.82 jim. The recording material was exposed in the same man- 
ner as in Example 101, The dose was 27 mJ/cm^. The film was then baked at 130**C for 90 seconds. 
[0153] Subsequent development as described in Example 101 resolved line and space patterns below 0.23 nm. 
From scanning electron microscope (SEM) inspection, it was concluded that the linewidth of Isolated and dense lines 
was almost equal, i.e. the dense to Iso bias was negligible. Isolated line patterns were resolved down to 0.16 )im. 

Example 103 and Comparative Examples 101 and 102: 

[01 54] Radical polymerization of 4-t-butyloxystyrene was carried out In the presence of 2.2-azo-bis-lsobutyronitrile 
as a polymerization initiator, followed by partial hydrolysis of the t-butyloxy groups with a concentrated aqueous hydro- 
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gen chloride solution to prepare 4-hydroxystyrene with 12% of the t-butvloxy stvrene unite hoinn i^ff ^ ^• 
ymer was then reacted with ethyl vinyl ether in the presence of d XnpSn 5 ^ ^'^copol- 
terpolymer of 4-hydroxystyrene. 4-(^ethoxyethoxy^?yrene and 4-^^^ T ? ^ *° ^'^^^'^ « 

molecular weight of 23.400 with a oolvdiierirrf 91 1 « hI^I^^^^ terpolymer thus obtained had a 

thenar ratio'of4-hydroxyst;S^^^^^^^ 

NMR. This polymer will be hereinafter often referred to as "POLY 103 " ' measured by 

Siatiorsri,:s.ir^^^^^^ 

9.8 g of the above copolymer. 

0 3 a foil mmni! f ^^^^^^^^^^^ 3.3.3.2.1.1 -hexafluoropropane sulfonate (Example 103) 
olslm l^^^^^ "'^"''"'""^ '"^^"^^^ (Comparative Example 101 

referred to as "trlphenylsulfonlum trif late"). 'Mdrawe txampie 1 02). hereinafter often 

0.02 g of triphenyl sulfonium acetate. 

0.05 g of 9-anthramethyl acetate (DUV absorber). 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate 

fo °5?- r'e ; r^^^^^^^ '° '^"^^ °" " ' ^'«'<^ a thickness ofarTT^^^^ 

S 105'C fo^ec seines' '"""'^ ''^"'^ = - = O-^O and t^ien batS 
[01 58] Development was done as described in Example 1 01 

T'Ur)^" ^ P-^^"*'^-^ (1) = best. (2) imermediate. 



Dose (mJ/cm^) 

Dense Line Resolution 
(jim) 



Isolated Line Resolution 
(fim) 



Example 103 
18(1) 
0.18(1) 



0.17(1) 



Comparative Example 101 
29 (3) 
0.26 (3) 



0.19(2) 



Comparative Example 102 

18(1) 
0.18(1) 



0.20 (3) 



Dense Line DOF @ 0.22 
Mm(^m) 



1.4(1) 



0.0 (3) 



1.1(2) 



Isolated Line DOF @ 0.22 
Mm(fim) 



1.0(1) 



0.6 (3) 



0.7 - 0.8 (2) 



Dense/iso bias @ 0.22 jim 
(jim) 



17(1) 



Na(3) 



31 (2) 



?hrrip^c.^^^^^ .'^ ^'"^ ^^^^"^^ ^"^^gy ^^''"^^^^ 'i ne^ and spaces of 0 22 am pattern width 
2! ? ^^'"^ ^^3' »'"es and spaces patternrfully reorSucS^^^^ 

The isolated hne resolution is defined as the smallest isolated line pattern withSSt ti^^^^^^^^ a lat 6olt 

The dense ,ne DOF is defined as the depth of focus of equal lines and spaces at iSt S^he^^^^^ 

Example 104 and Comparative Examples 103 and 104: 

[0160] Monodlsperse poly.4.hydroxystyrene (Nippon Soda Co.. Ltd.. Mw = 12.000. polydispersity = 1.16) was 
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reacted with 2-chloroethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer of 
4-hydroxystyrene and 4-(1-{2-chIoroethoxy)ethoxy)styrene. The copolymer had a molecular weight of 13.700 with a 
polydispersity of 1 .21 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene 
: 4-(1-(2-chloroethoxy)ethoxy)styrene was 7.1 : 2.9 as measured by NMR. This polymer will be hereinafter often 
referred to as "POLY 1 04." 

[0161] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.25 g of triphenyl sulfonium 3,3.3,2. 1,1-hexafluoropropane sulfonate (Example 104). 

0,25 g of triphenyl sulfonium triflate (Comparative Example 103), 

0.25 g of triphenyl sulfonium propane sulfonate (Comparative Example 104). 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0162] The solutions thus obtained were filtered, spin coated on two HMDS treated silicon wafers each (total 6 
wafers), baked for 90 seconds on a hot plate at 1 10°C to yield a thin layer having a thickness of 0.75 ± 0.02 fim. The 
recording material was exposed as described in Example 101 (NA = 0.55, a = 0.55). The dose was as indicated in Table 
102. While one of each wafer was placed immediately on a hot plate and baked for 90 seconds at 90^C (Test A), the 
second wafers were stored in the clean room for 60 minutes and then baked under the same conditions (Test B). Next, 
these wafers were developed as described in Example 101 . The results are compiled in Table 102. 



25 



EP 1 033 624 A1 



Table 102 



5 


Test A 


Example 104 


Comparative Example 103 


Comparative Example 104 




Dose (mj/cm^) 


22 (2) 


20 (1) 


37(3) 




Dense Line Resolution 
(um) 


0.17(1) 


0.18(2) 


0.21 (3) 


70 


Isolated Line Resolution 
(um) 


0.17(1) 


0.19(2) 


0.19(2) 




Dense Line DOF @ 0.22 
Mm (^m) 


1.4 • 1 .5 


1.1 (2) 


1.1 (2) 


te 

13 


Isolated Line DOF @ 0.22 
^m (^m) 


1.0(1) 


0.6 (3) 0.7 


- O.o (2) 




Dense/iso bias @ 0.22 pm 
(nm) 


17(1) 


30(3) 


27(2) 


20 


T-top 


None(1) 


None(1) 


None(1) 










lest B (after one hour) 


Example 104 


Comparative Example 103 


Comparative Example 104 




Dose (mj/cm^) 


22(1) 


21(2) 


34 (3) 


25 


Dense Line Resolution 

(um) 


0.17(1) 


0.18(2) 


0.22 (3) 




Isolated Line Resolution 
(um) 


0.17(1) 


0.21 (2) 


0.21 (2) 


'in 


Dense Line DOF @ 0.22 
^m (^m) 


1.4-1.5 


(1)0.9(2) 


0.6 (3) 




Isolated Line DOF @ 0.22 
Mm (Mm) 


0.9(1) 


0.4(3) 


0.6 (2) 


33 


Dense/iso bias @ 0.22 Mm 
(nm) 


19(1) 


37(3) 


32 (2) 




T-top 


None 


Yes, slight 


Yes, medium 


40 


Remarks. The definition of the test items is the same as given in Example 103 T-top indi 
ubie phase on top of the resist. 

These results demonstrate superior performance of the resist material of the present inv 
onty in dimensional stability upon delay time changes (Test B). 


cates formation of an insol- 
rention (Test A) and superi- 
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Example 105: 



- ii ^.^r Jl^!^^-^^V'^°'^^^'^'' (manufactured by Nippon Soda Co.. Ltd.. Mw = 2.000. polydispersity 
t~Ju«nLTr«^> dihydropyran and a minor amount of «. «,-triethylene glycol divinyl ether in the presence of p- 

acd to prepare a copolymer of 4-h>droxystyrene and 4-tetrahydropyranyloxystyrene partially 
so ««n?ir^f ' I''." """'"^ ^ ^^^-^S^ "'«'«<="'3^ vve'ght of 7.500 with ai 

^^!T!L !r°'^"'^' ^^'^"^ ^* 2.300. 4.600 and 7.000 and a mlno; amount of higher 

crosslmked parts as determined by GPC with polystyrene as the standard, and the molar ratio of 4-hydroxystyrene- 4- 

TtenSS^^^^oSToi'^ ^ ' "^^"'^ ™' "^^^ ^« hereinafter often 

« l?2^rL .r ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 

55 tied radiation sensitive cornposition suitable for OUV(24Snm) exposure: t«t yampn 

9.8 g of the above copolymer, 

0.42 g of t-butyloxycartjonylphenyl diphenyl sulfonium 3.3.3.2.1.1-hexafluoropropane sulfonate. 



26 



EP 1 033 624 A1 



0.03 g of tri-n-octylamine. 

0.05 g of N.N-dimethylacetamide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[01 65] The solution was filtered, spin coated on a silicon wafer covered with a phosphor-spin-on-glass layer which 
has been pretreated bake at ISO^'C. and baked for 90 seconds on a hot plate at 1 15*»C to yield a thin layer having a 
thickness of 0.65 .um. The recording material was exposed as described in Example 101 (NA = 0.55. a = 0.71) using a 
mask with contact hole patterns down to 0.15 jim at a dose of 55 mJ/cm^ and baked for 90 seconds at 120='C. 
[0166] Next the material was developed as described in Example 101. 

[01 67] Scanning electron microscope (SEM) inspection revealed that the recording material resolved 0 20 um con- 
tact holes at a duty ratio of 1 : 1 with a usable depth-of -focus (DOF) of about 0.9 pm. The side walls of the contact holes 
were vertically, and virtually no footing was observed at the resist/substrate interface. 



Example 106: 



[0168] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co.. Ltd.. Mw = 8,000. poiydispersity 
= 1 .09) was reacted with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer. 
The copolymner was reacted with di-t-butylcarbonate in the presence of triethylamine to prepare a terpolymer of 4- 
hydroxystyrene. 4-(vethoxyethoxystyrene) and 4-(t-butyloxycarbonyloxystyrene). The terpolymer had an average 
molecular weight of 1 0.200 with a poiydispersity of 1 . 1 3 as determined by GPC using polystyrene as the standard, and 
the molar ratio of 4 -hydroxystyrene : 4-(1-ethoxyethoxy)styrene : 4-t-butyloxycafbonyloxystyrene was 6.5 : 3.8 : 0^7 as 
measured by ''H NMR. This polymer will be hereinafter often referred to as "POLY 106." 

[01 69] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolymer. 

0.35 g of bis-(4-cyclohexylphenyl) phenyl sulfonium 3.3.3.2. 1.1-hexafluoropropane sulfonate. 

0.02 g of tetrabutyl ammonium hydroxide. 

0.02 g of N.N-dicyclohexylamine, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of ethyl lactate. 

[0170] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 90 sec- 
onds on a hot plate at 85°C to yield a thin layer having a thickness of 0.57 ^m. The recording material was exposed as 
described in Example 101 (NA = 0.55, a = 0.71) using a mask with contact hole patterns down to 0.15 jim at a dose of 
55 mJ/cm^ and baked for 90 seconds at 120*C. 

[0171] Next the material was developed as described in Example 101. 

[0172] Exposure was performed as described in Example 101 using NA = 0.50 and a a-value = 0.60 at a dose of 
24 mJ/cm^. The material was baked for 90 seconds at 105^C. and developed with the surfactant-free developer of 
Example 101 for 60 seconds at 23*^0 followed by water rinsing. 

[0173] The material resolved dense lines and spaces patterns down to 0.1 9 ^zm and isolated lines down to 0.1 6 ^im. 
The pattern shape was rectangular and no standing waves were observed. The DOF of the isolated patterns was larger 
than 1 .0 \im for 0. 1 8 ^im features. 

Examples 107 and 108: 

[0174] Radical copolymerization of 4-acetoxystyrene with 4-t-butylacryIate was carried out in the presence of 2,2'- 
azobis-(4<iimethoxy-2,4-dimethyivaIeronitrile) as a polymerization initiator, followed by hydrolysis of the acetate groups 
with an aqueous ammonium acetate solution. A part of the hydroxy groups in the copolymer thus obtained were reacted 
with ethyl vinyl ether in the presence of p-toluenesulfbnic acid as a catalyst to prepare a terpolymer of 4-hydroxystyrene. 
4-(1 -ethoxyethoxystyrene) and 4-t-butylacry!ate. The terpolymer had an average molecular weight of 8.700 with a poiy- 
dispersity of 1 .71 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 
4-(1-ethoxyethoxy)styrene : 4-t-butylacrylate was 7.1 : 1.8 : 1.1 as measured by NMR. This polymer will be herein- 
after often referred to as "POLY 107." 

[0175] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and e-beam exposure: 
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9.8 g of the above terpolymer, 

0.28 g of bis-(4-cyclohexylphenyl) iodonium 3.3.3.2.1.1-hexafluoropropane sulfonate 
0.03 g of triphenyl sulfonium hydroxide, 
0.004 g of Megafac R-08 (tradename), and 
s 64.2 g of propylene glycol monomethyl ether acetate. 

[0176] The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot olat^ w on 
seconds at 1 10"C to yield a thin layer having a thickness of 0.53 pm. One of the recoK^ng mm^ate waslSo^^^^ 
examer laser rad>afon provided by a Nikon NSR 2005 EX 10B stepper with an NA = 0.55 and a coh^renS^Sr^ 
ro 0.80 using a mask w,th lines and spaces patterns down to 0. 1 0 jxm at a dose of 27 n^/cm^ The oth^VeSn^mlri^ 
was pattern-w,se exposed with e-beam radiation provided from a JEOL JBXX 5DI I opera Jg ^ £ tev wl^^^^^^^^ 
of 1 0 nm (no proximity correction) at a dose of 1 8.2 ^C/cm^. The exposed wafers were plac«l on a ho^^Z L J k/J!^ 

« by wLr'rSg ' "^"'""^ '''' ^° at 24 

SlI^nH c ^'^^'■^e^ laser exposed material resolved dense lines and spaces patterns down to 0. 1 8 and isolated 
Th. not ° "^^ P^"^"' rectangular and only minor standing waves were obse^S^ 

The DOF of the isolated patterns was larger than 1 .0 jim for 0.16 Mm features ooserved. 

?o oa7L -nlT nop o^Th^!!!"^*!"^' "^^""^ ""^ ^"^ "P^*=^^ *° 0-^ 6 Mm and isolated lines down to 

so 0.1 1 |im. The DOF of the isolated patterns was larger than 1 .0 jim tor 0. 1 5 jxm features. 



Examples 109 and 1 10: 



!! ^ w *f °* 4-hydroxystyrene. 4-(t-butoxystyrene) and 4-t-butylcarbonylmethyloxy styrene was prepared 

°' monodisperse poly-4-t-butoxystyrene to leave 15% of the blxy groups llct A part of S 
K3Z'r h" 'T^^ the pressencTof tri^hylamine as? aS^t 

The terpolymer had an average molecular weight of 8,700 with a polydispersity of 1.06 as determined by GPC usino 

30 [0180] This polymer will be hereinafter often referred to as "POLY 108." 

PL^^l- ^® *°"ow'n9 ingredients were mixed together to prepare a solution of a positive-workina chemlcallv amoli- 
fied radiation sensitive conposition suitable for DUV (248 nm) and x-ray exposure: cnemically ampl.- 

9.8 g of the above terpolymer. 
35 0.2 g of bis-{t-butylcarbonylmethyloxyphenyl) iodonium 3.3.3.2.1.1-hexafluoropropane sulfonate 
0.15 g o tns-(t-butylcarbonylmethyloxyphenyl) sulfonium 3.3.3.2,1. 1-hexafluoropropane sulfonate 
0.03 g of tnbutylammonium pyrovate, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of methyl amyl ketone. 

40 

s^^LcunVJ!!^'^■ T ^'T^' ^'"-'=°^t«* °" ""^DS treated silicon wafers and baked on a hot plate (90 
f!Z H • ^ l J" ''^^'"^ ^ thickness of 0.72 pm. One of the recording materials was exposed with excirner 

4s ^ °' ^® "^^'^'^ • "^^ °»^^^ ^«=°'^'"9 -"^'er'^' «as patternwise exposed with x-rj 

^T^^^°r^ ^ .\ superconducting beam storage ring with a peak wavelength of 7.5 A using a Karl SuS 

rt^n ^?nT^^'^ ^ °* ^° ^* * ""^^ °* ^ "^^^ ''■^^y ™sk had lines and spaces pattern 

w^P JlL. K T^'S composed of 0.5 pm thick W-Ti absorber on a 2.0 Mm thick SIC membrane. The eljosed 
wafers were baked for 90 seconds at 1 1 0-C and developed as described in Example 101 
« fi!!?? ^® ^""^^ exposBd material resolved dense lines and spaces patterns down to 0.16 Mm but the iso- 
50 lated lines were somewhat unstable and collapsed at geometries below 0.18 Mm. The pattern shape ««s rectangular 
and only minor standing waves were observed. 

[0184] The DOF of the isolated patterns was larger than 1 .0 Mm for 0.1 6 Mm features 

n°!f J*"^ "■^'^^ exposed material resolved dense lines and spaces down to 0.14 Mm and isolated lines down to 
« 1, " ^""i [ seometries the patterns tended to collapse. The DOF of the isolated patterns was larger than 1 .0 

S5 nm tor 0.1 5 ^m features. 
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Example 111: 

[0186] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fled radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the terpolymer described in Example 107 (POLY 107). 

0.8 g of 4.4'-(1-methylethylidene) bis-[4.1-phenyleneoxy acetic acid] di( 1.1 -dimethyl ethyl) ester. 
0.2 g of bis-{4-cydohexylphenyl) phenyl sulfonium 3,3.3.2, 1 ,1 -hexafluoropropane sulfonate. 
0.03 g of triphenyl sulfonium hydroxide. 

10 0.05 g of a condensation product of 2 moles 9-anthryimethanol reacted with 1 mole toluene-1 .3-diisocyanate (DUV 
absorber). 

0.004 g of Megafac R-08 (tradename), and 

64.2 g propylene glycol monomethyl ether acetate. 

75 [0187] The solution was filtered, spin-coated on a HMDS treated silicon wafer and baked on a hot plate (90 
sec/1 lO'C) to yield a thin layer having a thickness of 0.51 fim, exposed as described previously (NA = 0.55) at a dose 
of 34 mj/cm^. baked for 90 seconds at 120°C and developed. 

[0188] The material resolved dense lines and spaces patterns down to 0.1 6 ^m and isolated lines down to O.U urn. 
The pattern shape was rectangular and only minor standing waves were observed. The DOF of the isolated patterns 
20 was about 0.8 fim for 0.1 6 ^m features. 

Examples 1 1 2 and 113: 

[0189] 4-Hydroxystyrene. tetracyclododecyl methacrylate. t-butyl methacrylate and methacrylic acid 2-tetrahydro- 
25 pyranyl ester was radically polymerized in the presence of 2.2*-a2obis(isobutyronitrile) as a polymerization initiator to 
prepare a quaterpolymer. The quaterpolymer had an average molecular weight of 13.200 with a polydispersity of 2.4 
as determined by GPC using polystyrene as the standard, and the molar ratio of the components was 1.5 : 3.5 : 2.5 : 
2,5 as measured by ^ H NMR. This polymer will be hereinafter often referred to as TOLY 109." 
[01 90] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
30 fied radiation sensitive composition suitable for DUV (248 nm) exposure and VDUV (193 nm) exposure: 

7.8 g of the quaterpolymer desaibed above, 

2.8 g of 4.4'-(1-methylethylidene) bis-[4,1-cyclohexyleneoxy acetic acid] di(l.l-dimethylethyl) ester. 
0.2 g of bis-(4-cyclohexylphenyl) iodonium 3.3,3.2. 1,1 -hexafluoropropane sulfonate. 
35 0.03 g of triethanolamine. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0191] The solution was filtered, spin-coated on two silicon wafers pretreated with A2® KrF-2. a commercially avail- 
40 able antireflective coating available from Clariant Japan K.K, baked for 90 seconds at 120°C to yield a thin layer having 
a thickness of 0.51 ± 0.02 ^m, and one wafer was exposed as described in Example 101 (NA = 0.55. a = 0.80) at a dose 
of 24 mJ/cm^, while the other wafer was exposed with an ISI ArF stepper with a NA = 0.60 and a a = 0.75 at a dose of 
1 1 mj/cm^. The exposed wafers were baked for 90 seconds at 125°C and developed. 

[0192] The KrF excimer laser exposed material resolved dense lines and spaces patterns below 0.16 ^im, isolated 
45 lines down to 0. 1 4 jim, but both with a slight tendency to form T-tops. The ArF excimer laser exposed material showed 
the same resolution and pattern characteristics as the KrF excimer laser exposed material, however, the DOF of 0.18 
^m lines exceeded that of the KrF exposed material by 25%. 

Examples 114-137: 

so 

[0193] The following radiation sensitive compositions were prepared and processed according to the steps indi- 
cated in Table 103. where 

Tolymer** denotes the polymer used. 
£5 TAG" denotes the PAG (photoacid generator) used. 
"Disslnh** denotes the dissolution inhibitor used. 
"Base" denotes the basic additive used. 
"Solv" denotes the solvent used. 
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"Ratio" denotes the component ratio in parts by weight, 

"Substrate" denotes the substrate to be coated with the radiation sensitive composition 
^^B denotes the applied prebake conditions (temperature/lime). 
"FT'* denotes the film thickness of the radiation sensitive composition 

"Exposure Type" denotes the radiation wavelength employed (ArF = 1 93 nm excimer laser KrF - oaa nrr> 
laser, ,-line = 365 nm quartz lamp, e-beam = 30 keV electron beams, x-ray = Tsnm) ' 
■Dose" denotes the applied exposure dose (in mJ/cm^ for ArF, KrF. Mine and x-rays and in uC/cm^ for o hn.m^ 
FEB denotes the applied post exposure bake conditions (temperature/time) ^ ^'^^^^^^ 

hX?es°^^^^^ (temperature/^me) with an aqueous 2.38o/o tetramethyi ammonium 

"Res" denotes the resolution capability of dense 1 :l lines and spaces 

-Delay Stability" denotes the linewidth change < 10% upon delay betvieen exposure and post exoosure bake 
Profile Angle" denotes the angle between the substrate and the side«all of o 25 um Hne ^^3^ 
"DOF" denotes the depth of focus of dense 0.25 pm lines patterns, and 
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POLY 101 to POLY 109 = see the above examples 
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POLY 110 = poly-(4-hydroxystyrene-co-4-(1-ethoxyethoxy)styrene). 6.7 : 3.3; Mw= 8,700: D = 1.12; 
POLY 111= poly-(4-hydroxystryene-co-t-butylmethacrylate); 7.2 : 2.8; Mw = 11.400; D = 1.86; 
POLY 112 = poly-(4-hydroxystyrene-co-4-{1-ethoxyisopropoxy)styrene; 6,9 : 3.1; Mw = 8,200;'d = 1.14; 
POLY 113 = poly-(3-hydroxystyrene-co-4-t-butyl vinylphenoxyacetate); 6.8 : 3.2; Mw = 15,200, D = 2.21; 

POLY 114 = poly-(4-hydroxystyrene-co-4-(1-ethoxyethoxy)styrene-co-4-methylsty^ 32 • 08- Mw = 

14,000; D = 1.84; * * ' ' 

POLY 115 = Poly-(4-hydroxystyrene-co-8-methyl-8-t-butoxycarbonyltetracyclo[4.4.0.1^ 
maleic anhydride); 1 : 4 : 5; Mw = 4,800; D = 2.45; 

POLY 116 = poly-(4-hydroxystyrene-co-4-(1.ethoxyethoxy)styrene-co-4-tetrahydropyranyloxystyrene) 65 • 25 • 
1.0; Mw = 9.400; D= 1.18; r-/ / / / 

POLY 117 = poly-(4-hydroxystyrene-co-styrene-co-4-t-butyl vinylphenoxyacetate); 6.0 : 2.0 : 2 0* Mw = 12 300" D = 
1.72; 

POLY 118 = poly-(4-hydroxystyrene-co-4-t-butyloxycarbonyloxystyrene-co-t-butylmethacrylate)- 6 8 • 2 1 ■ i V Mw 
= 7,200.0 = 1.65; * ' ' 

POLY 119 = poly-(-4-hydroxystyrene-co-4-butoxystyrene-co-4-(1-e1hoxyethoxy)styrene-co-4-vinylbenoic acid t- 
butylester); 7.0 : 1 .2 : 1 .3 : 0.5; Mw = 1 1 .300. D = 2.25; 

POLY 120 = poly-(4-hydroxystyrene-co-2-hydroxystyrene); 2 : 8; Mw = 9,200. D = 1.85; 

POLY 121 = poly-(2-hydroxystyrene-co-2-methyl-adamantyl methacrylate-co-mevalon'yl methacrylate)- 1 • 6 • 3- 
Mw =7,700.0 = 2.17; * * 

PAG 101 to PAG 126 = see the above synthesis examples 

DISS 101 = 4.4--(1-phenylethy!idene)-bis-[4.1-phenyleneoxy acetic acid]-di-(1,l<i!methylethyl)ester. 

DISS 102 = ethylidene trls-[4.1-phenyleneoxy acetic acid]-tris-(1,1-dimethylethyl) ester. 

DISS 103 = (1-methyiethylidene)^i-4,1-phenylene-bis-(1,1-dimethylethyl)carbonic acid ester. 

DISS 104 = ethylldene-tris-4.1-phenylene-trls-(1.1-dimethylethyI)carbonic acid ester. 

BASE 101 = tetramethyl ammonium hydroxide. 

BASE 102 = tetra-n-butyl ammonium hydroxide. 

BASE 103 = tetra-n-butyl ammonium lactate. 

BASE 104 = methyldicyclohexylamlne, 

BASE 105 = tri-n-octylamine. 

BASE 106 = triethanolamine, 

BASE 107 = triphenyl sulfonium acetate, 

SOLV 101 = propylene glycol monomethyl ether acetate, 

SOLV 102 = ethyl lactate. 

SOLV 103 = methyl amyl ketone. 

BARC 101 = DUV BARC AZ® KrF-3B® (available from Clarlant Japan K.K.). 
BARC 102 = DUV BARC GD-9® (available from Brewer Science), 
BARC 103 = DUV BARC DUV18® (available from Brewer Science), 
BARC 104 = DUV BARC DUV42® (available from Brewer Science). 
BARC 105 = 1-line BARC AZ® BarU® II (available from Clarlant Japan K.K.). 

[0195] All formulations contain a minor amount (< 0.01 ppw) of Megafac R-08 (tradename) surfactant. 

Example 138 and Comparative Examples 105 and 106: 

[0196] The following ingredients were mixed to gether to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the terpolymer (POLY 102) of the Example 102, 
. 0.35 g (0.708 mmol) of triphenyl sulfonium 3,3,3,2,1.1-hexafluoropropane sulfonate (Example 138) or 
0.54 g (0.708 mmol) of triphenyl sulfonium perfluorooctane sulfonate (Comparative Example 104) or 
0.29 g (0.708 mmol) of triphenyl sulfonium trifluoromethane sulfonate (Comparative Example 105). 
0.02 g of triphenyl sulfonium acetate. 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyl ether acetate. 

[0197] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
DUV 30, an antireflective coating provided by Brewer Science at a film thickness of 90 nm (bake conditions: 190°C/60 
sec). The substrate reflectivity at this film thickness was approximately 6%. The films were baked for 90 seconds at 
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120<>C to yield thin films having a thi^^^ ixm and exposed as described \n Example 101 The exposure 

was followed by a post exposure bake at 1 20«C for 60 seconds and a development. exposure 
[01 98] The following results (Table 104) were obtained. 
[0199] The test items in the table were the same as those in Example 103. 



Table 104 
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Example 138 


Comparative Example 
lOo 


Comparative Example 
106 


Dose (mJ/cm^) 


[id) 


26 (3) 


21(1) 


Dense Line Resolution (pm) 


0.22 (1) 


0.24 (3) 


0 22 


Isolated Line Resolution (^m) 


0,12(1) 


0,15(3) 


0.13(2) 


Dense Line DOF @ 0.22 jim (pm) 


0.5-0.6(1) 


0,0 (3) 


0.3 - 0,4 (2) 


Isolated Line DOF @ 0.22 ^im (jim) 


1.8(1) 


1.6(3) 


1.7 - 1.8 (2) 


Dense/iso bias @ 0.22 (nm) 


22(1) 


Na(3) 


27(2) 


Dense Pattern Profile @ o.18 pm 


Good (2) 


Very good (1) 


Good (2) 


Isolated Pattern Profile @ 0.15 ^lm 


Good (1) 


Film Loss (3) 


Tapered (2) 


Standing Waves 


Visible (1) 


Strong (2) 


Visible (1) 


Dense/iso bias @ 0.22 (nm) 


22(1) 


Na (3) 


27(2) 



!)ve?Sl perfoImanSr^ concluded that the material of the present Invention has some superiority in the 

Example 139 and Comparative Examples 107 and 108: 

^°^^.IL "[l;»®.^"°«^"9 ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

9.8 g of the terpolymer (POLY 103) of Example 103. 
0.5 g of a.a-bis(cyclohexylsulfonyl)dia2omethane. 

0.35 g of tnphenyl sulfonium 3.3,3,2,1. 1-hexafluoropropane sulfonate (Example 139) or 

0.35 g of triphenyl sulfonium trifluoromethane sulfonate (Comparative Example 107) or 

0.35 g of diphenyl iodonium trifluoromethane sulfonate (Comparative Example 108). 

0.03 g of triphenyl sulfonium acetate. 

0,004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

!?M?/^io solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 

orZnf^n ^"1"!"®^**^® ^^*'"9 P'-Q^ded by.Brewer Science Corp.. USA. at a film thickness of 60 nm (bake conditions- 
ZOO C/60 sec). The substrate reflectivity at this film thickness was less than 5 %. Baking for 90 seconds at 90°C pro^ 
vided a thin layer having a thickness of 0.65 ± 0.01 ^m. Top-view inspection of the photoresists by microscope and 
scanning electron microscope indicated that all three films exhibited smooth surfaces without any sign of pinholes pop- 
corns, or cracking. The recording materials were exposed as described in Example 101 (NA = 0.55 a = 0 55) using a 
half-tone mask with 0.3 ^m contact hole patterns at a doee of 18 mJ/cm2 baked at IO50C for 90 seconds and devel- 
oped. 

[0203] The results are summarized in Table 1 05. 

[0204] The test items were the same as those in Example 103. 
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Table 105 





Example 139 


Comparative Example 
107 


Comparative Example 
108 


Dose (mJ/cm^) 


42(3) 


41 (2) 


32(1) 


Dense C/H Resolution (^m) 


0-22 (1) 


0.22(1) 


0.22(1) 


Isolated C/H Resolution (urn) 


0.22 (1) 


0.23 (2) 


0.23 (2) 


Dense C/H DOF @ 0.25 (^m) 


1.8(1) 


1 7(2) 


1.6(3) 


Isolated C/H DOF @ 0.25 ^im (jim) 


1.3(1) 


1.1 (3) 


1.2 (2) 


C/H Sidewalls @ 0.25 


Vertical (1) 


Vertical (1) 


Tapered (2) 


C/H Bottom @ 0.25 pm 


Good (1) 


Foot (2) 


Undercut (3) 


C/H Top @ 0.25 iim 


Clear (1) 


Round (3) 


Round (2) 


Standing Waves 


Visible (1) 


Visible (1) 


Vsible (1) 


Surface After Development 


Smooth (1) 


Popcorn (2) 


Foocorn (2) 



[0205] These results indicate the material of the present invention are superior in performar^cs also in use as con- 
tact hole resist. 



Example 140 and Comparative Example 109: 

[0206] Monodisperse poly-(4-hydroxystyrene) (provided from Nippon Soda Co.-p.) was reacted with ethyl vinyl ether 
to prepare a copolymer. The copolymer had a molecular weight of 6.800 with 32% of the phenolic hydroxy groups, pro- 
tected. 

[0207] The following ingredients were mixed together to prepare two soiutior.s of a poshive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

9.8 g of the above polymer, 

1.2 g of a divinyl ether derivative prepared by the Williamson ether reaction of 1 mol bisphenci A with 2 moles 2- 
chloroethyl vinyl ether, 

0.35 g (0.708 mmol) of triphenyl sulfonium 3.3.3,2.1,1-hexafluoropropane sulfonate (Example 140) or 

0.29 g (0.708 mmol) of triphenyl sulfonium triflouromethane sulfonate (Compa-atr/e Example 109) or 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0208] The solutions thus obtained were filtered and spin coated on two silicon wafers each, which have been pre- 
coated with A2 KrF-2 (tradename), an antirefleclive coating provided by Clariant u'apan K.K.. at a film thickness of 60 
nm (bake conditions: 220^C/60 sec). The photoresist films were baked for 90 seconds at 1 1 5°C to yield a film thickness 
of 0.62 + 0.01 Jim. After exposure as described in Example 101 (NA = 0.55, a = 0.55) at a dose of 29 mJ/cm^, the 
exposed wafers were baked at 1 20°C for 90 seconds and developed. 

[0209] The recording material of the present invention resolved lines and spaces down to 0.20 ^m with vertical 
sidewalls profiles. The material of the Comparative Example 109 showed a resolution limit at 0.2S and strong foot 
formation. A dissolution rate analysis revealed that the contrast of the comparative material was significantly degraded 
probably due to a crosslinking reaction of the divinyl ether derivative at the selected post exposure bake temperature. 

Example 141: 

[021 0] The following ingredients were mixed together to prepare a solution of positive-working chemically amplified 
radiation sensitive composition suitable for i-line (365 nm) exposure: 8.6 g of a copolymer (molecular weight 12.200) of 
3-methy1-4-hydroxystyrene and 4-hydroxystyrene (2 : 1), 

2.8 g of the poly-N,0-acetal described in Example 138. 
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0.45 g of 2-anthryl diphenyl sulfonium 3.3.3.2.1. 1-hexafluoropropane sulfonate, 
0.04 g of triphenyl sulfonium hydroxide, 
0.004 g of Mega^c R-08 (tradename), and 
88.5 g of ethyl lactate. 

[021 1] The solution thus obtained was filtered and spin coated on a wafer orecoated with p 1 fin nm ♦hi.u *-i . * ^ 

112. ?^ P*^°*°^«s'St was baked at 110=C for 60 seconds to give a film thickness of sS nmThJ 

coated wafer was exposed through a mask with line and space pattems down to 0 20 urn using a K SNR?7<!S' J« 
per (NA = OJO) at a dose of 56 mJ/cm^. After the exposure, the wafer was baked at 90^ ?o 60 secSSs a,S di^^^^^^^ 

0 2sZ:^T.S^'^'' ' "^'^^ '""^ ^"^ under SEM Cmat2^a1%sSSS 

0.26 nm lines and space patterns free of scum and T-iop formation. maieriai resolved 

Example 142: 

toai 2] A solution of a positive-working chemically amplified radiation sensitive composition suitable for VDUV {-Kn 
nm) exposure was prepared from the following ingredients: 

Iml^ °1 P°'y<2-hydroxystyrene-co-2-methyl-2-adamantyl methacrylate-co-mevalonic lactone methacrylate) with 
so a molecular weight of 8,000 and a polydisersity of 1 .82. meinacryiate; with 

0.31 g of bis-4-cyclohexylphenyliodonium 3,3.3.2.1. l-hexafluoropropane sulfonate 

0.04 g of methyl diethanolamine. 

0.004 g of Mega'ac R-08 (tradename), and 

88.5 g of ethyl lactate. 

25 

[021 3] The solution thus obtained was filtered and spin coated on a wafer precoated with a 60 nm thick film of =.n 
Inn^T'^n "'^'''^''^^'^ ""^'^ anti-reflective coating developed by Clariant Japan S<.. wWch has ^ ^2.2 at 
Lp^ei',^0 "h^"^^^^^^^ '^'"^ '° *° ^ thickness Of 450 ntIrS 

at a dose of 14.5 nvVcm^. After the exposure, the wafer was baked at 1 lO'C for 60 seconds and deveiooed with an 
aqueous developer AZ MIF 300 (tradename: available from Clariant Japan K.K.) containing 2 38% terarnSSl ammo 
nium hydrox.de for 60 seconds at 23=C. The material resolved 0.14 jxm lines and space pattern wiS any T^^^^ 
mation. The interface between the antireflective coating and the photoresist was free of scum ^ 

35 Example 143: 

n^i'^L. ^ °' "esa^^e-wortang chemically amplified radiation sensitive composition suitable for DUV (248 

nm) exposure was prepared from the following ingredients: ^ 
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2.0 g of distilled hexamethoxymethyl melamine, 
0.3 g of triphenyl sulfonium 3.3.3.2, 1.1-hexafiuoropropane sulfonate 
0.02 g of tetrabutyl ammonium lactate, 
0.004 g of Megafac R-08 (tradename), and 
62.4 g of proRTlene glycol monomethyl ether acetate. 



55 



!S!5«n ?! ^"^obtained was filtered, spin coated onto a HMDS treated silicon wafer at 3.000 rpm and 

baked on a hot plate at 1 15«C for 60 seconds. The resulting film thickness was 0 72 pm 

?V M described in Exanrple 101 followed at a dose of 28 nvJ/cm2. The exposed material was then 

subjected to a post exposure bake on a hot plate at 125-C for 90 seconds and developed 

[0217] The fine lines and spaces were resolved down to 0.20 urn. Isolated lines were resolved down to 0 16 urn 
when a dose of 34 nvJ/cm^ was applied. The depth-of-focus of the 0.16 ^m lines was about 0.80 Z 
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Examples 144 and 145: 

[0218] A solution of negative-working chemically amplified radiation sensitive composition suitable for DUV (248 
nm) and e-beam exposure was prepared from the following ingredients: 

7.9 g of a copolymer of 4-hydroxystyrene and 4-methoxystyrene prepared by radical polymerization in the presence 
of 2.2*-a2obis{isobutyronitrile) as a polymerization initiator, the copoylmer having a molecular weight of 9 600 and 
a polydispersity of 2.2 1 as determined by GPC using polystyrene as the standard and a monomer ratio of 7 8 ■ 2 2 
as determined by ^H-NMR, ■ 
iG 2.0 g of recrystallized tetramethoxymethyl glucoril, 
0.5 g of tetrabutoxymethyl glucoril, 

0.3 g of tris-(4-t-butyIphenyl) sulfbnium 3.3,3,2, 1.1 -hexafluoropropane sulfonate. 
0.02 g of tetramethyl ammonium hydroxide. 
0.004 g of Megafac R-08 (tradename), and 
15 62.4 g of propylene glycol monomethyl ether acetate. 

[021 9] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion pro- 
moter (hexamethyl disilazane) at 3.000 rpm. After baking on a hot plate at 95°C for 60 seconds, a film thickness of 0.74 
± 0.2 Jim was obtained. 

[0220] One wafer was subjected to an exposure through a mask with fine lines and space patterns down to 0.10 
pm using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55. a = 0.80) at a dose of 24 mJ/cm^. The other 
wafer was exposed with e-beam using the e-beam writer described in Example 108 at a dose of 14.3 ^iC/cm^. The 
exposed materials then were subjected to a post exposure bake on a hot plate at 95°C for 90 seconds and developed. 
[0221] The excimer laser exposed material resolved fine lines and spaces down to 0.20 fim. Isolated lines were 
resolved down to 0.15 pm when a dose of 31 mJ/cm^ was applied. The depth-of-focus of the 0.15 pm lines was about 
0.90 pm. 

[0222] The e-beam exposed material yielded isolated lines with a linewidth below 0.10 ^m. 
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Examples 146 and 147: 

[0223] A solution of a negative-working chemically amplified radiation sensitive composition suitable for DUV (248 
nm) and x-ray exposure was prepared from the following ingredients: 

5.9 g of a terpolymer of 4-hydroxystyrene. styrene and N-hydroxymethyl methacrylamide with a molecular weight 
35 of 1 1 ,500. a polydispersity of 1 .69. and a monomer ratio of 8 : 1.8 : 0.2, 

1.5 g of recrystallized tetramethoxymethyl glucoril. 

0.5 g of 4.4'-(1 -methylethylidene)-bis-[2,6-bis-(hydroxymethyl)-phenol] 

0.3 g of di-(4-t-butylphenyl) iodonium 3,3,3.2,1, 1-hexafluoropropane sulfonate. 

0.02 g of tetramethyl ammonium hydroxide. 
<o 0,004 g of Megafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyl ether acetate. 

[0224] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion pro- 
moter (hexamethyl disilazane) at 3,000 rpm. After baking on a hot plate at 95»C for 60 seconds, a film thickness of 0.67 

45 ± 0.02 pm was obtained. ; ^ - 

[0225] One of the wafers was subjected to an exposure through a mask with fine lines and space patterns down to 
0.10 pm using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55, a 0.55) at a dose of 18 mJ/cm^. The 
other wafer was exposed with x-rays as described in Example 1 10 at a dose of 52 mJ/cm^. The exposed materials were 
then subjected to a post exposure bake on a hot plate at 95**C for 90 seconds and developed. 

£0 [0226] The fine lines and spaces of the exdmer laser exposed material were resolved down to 0.22 ^m. Isolated 
lines were resolved down to 0.18 ^m when a dose of 25 nrvJ/cm^ was applied. The depth-of-focus of the 0.18 \im lines 
was about 1 .25 pm. 

[0227] The x-ray exposed material resolved dense lines and spaces down to 0.16 jim while isolated lines were 
resolved down below 0.16 ^m. 

£5 

Example 148 and Comparative Example 110: 

[0228] Two negative-working chemically amplified radiation sensitive composition solutions suitable for 1-line (365 
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nm) exposure were prepared from the following ingredients: 



7,2 g of a copolymer (molecular weight 15.000. glass transition temperature 145»C) of 3.5-dimethyi-4-hvdroxvstv. 

rene and 4-hydroxystyrene (3 : 7). ' ^ 

2.0 g of distilled hexamethoxymethyl melamine. 

0.02 g of tetramethyl ammonium hydroxide, 

0,004 g of Megafac R-08 (tradename), and 

42.4 g of propylene glycol monomethyi ether acetate.' 

(0229] To one of the base formulations, a solution of 0.35 g of (4-pheny!-thiophenyl) diphenyl sulfonium 3 3 3 2 1 1 - 
h^afluoropropane sulfonate dissolved in 20 g of propylene glycol monomethyi ether acetate was added '(Example 

while to the other base formulation. 

0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium trifluoromethane sulfonate dissolved in 20 g of propylene glycol 
monomethyi ether acetate was added (Comparative Example 110). 

[0230] The solutions thus obtained were filtered and spin coated onto HMDS treated silicon wafers at 2 400 rpm 
After baking on a hot plate at 90°C for 60 seconds, both materials yielded a film thickness of 1 .06 ± 0,03 ^m.' 
[0231] The wafers were subjected to an exposure through a mask with fine lines and space patterns down to 0 20 
fxm using a Nikon NSR 1755i 7a i-line stepper at a dose of 82 mJ/cm2. The exposed materials were then baked on a 
hot plate at 105°C for 90 seconds and developed. 

[0232] The material of the Example 145 resolved 0.28 jim lines and spaces patterns and the profile of the resist 
patterns were ideally rectangular. No whisker-like raised portions or scum were observed. The dose to print isolated 
lines with a width of 0.28 pm was found to be 91 mJ/cm^. 

[0233] The material of the Comparative Example 1 10 also resolved 0.28 um lines and spaces patterns. However 
the top of the line patterns was rounded, and the bottom of the line patterns had an undercut structure combined witfi 
severe scum. The dose to print isolated lines with a width of 0.28 was found to be 95 mJ/cm^ and therefore this for- 
mulation was judged to be dearly inferior to that of the Example 145. 

Example 149 and Comparative Example 111: 

[0234] From Example 104. it is evident that the replacement of triflate based PAGs with the hexaflate based PAGs 
of the present invention yields radiation sensitive compositions with identical sensitivity and resolution capability. 
[0235] A quartz wafer (wafer 1 ) was coated with a solution containing a mixture of 

5.0 g of poly-(4-hydroxystyrene), and 

0.3 g of triphenyl sulfonium 3.3,3.2.1.1-hexafluoropropane sulfonate (Example 149. wafer 1) dissolved In 
50 g of propylene glycol monomethyi ether actetate and baked at 1 20''C for 60 seconds. 

[0236] A second quartz wafer (wafer 2) was coated with a solution containing a mixture of 

5.1 gpoly-(4-hydroxystyrene), and 

0.3 g triphenyl sulfonium triflate (Comparative Example 1 1 1 . wafer 2) dissolved in 
50 g propylene glycol monomethyi ether acetate and baked at 1 20*»C for 60 seconds. 

[0237] In addition, two other quartz wafers (wafer 3 and wafer 4) were coated with a solution of 

5.0 g poly-{4-t-butyloxycarbonyloxy6tyrene) dissolved in 50 g propylene glycol monomethyi ether acetate 

and baked at 90°C for 90 seconds. Wafers 3 and 4 were subjected to a quantitative FIR spectrum analysis with respect 
to the intensity of the carbonyl bond. Then the film of wafer 3 was brought into intimate contact with the film of wafer 1 
and the film of wafer 4 with the film of wafer 2 each at a pressure of about 0.05kg/cm2. Both wafer pairs were subjected 
to a flood irradiation with DUV KrF excimer laser irradiation at a dose of 80 mj/cm^ and baked at 90'*C for 90 seconds 
with wafers 3 and 4 on the upper side. The wafers 3 and 4 were separated from wafers 1 and 2 and their FIR spectra 
were again recorded. After substraction of the two spectra (before and after exposure/bake), it became evident that 
47% of the t-butyloxycarbonyloxy groups of the polymer on wafer 4 had been cleaved into hydroxy groups by trifluor- 
omethanesulfonic acid produced during exposure and diffusing into the polymer during the post exposure bake, while 
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only 14% of the t-butyloxycarbonyloxy groups of the polymer on wafer 3 had been cleaved, indicating that the trifluor- 
omethane sulfonic acid produced from wafer 2 was much more volatile than the 3.3.3,2. l.l-hexafluoropropanesulfonlc 
acid produced from wafer 1 . From this experiment, it can be concluded that the amount of acidic, corrosive and volatile 
products which might cause destruction of the irradiation equipment and pose hazards to the health of the workers is 
significantly reduced, when triflate generating PAGs were replaced with the PAGs of the present invention. 

Example 150: 

[0238] The radiation sensitive composition of Example 141 was coated on a mechanically surface grained alumi- 
num foil and dried to a weight of about 1 .2 g/m^. After Imagewise exposure through a positive-working original with a 5 
kW metal halide light source for 23 seconds, the foil was heated at 100*C for 8 minutes In a convection oven. The 
printed image was developed with a developer solution containing the following ingrecients by a plush paddle method: 

5.0 g of sodium lauryl sulfate. 

1.5 g of sodium metasriicate pentahydrate, 

1.6 g of trisodium phosphate dodecahydrate. and 
92.5 g of ion-exchanged water. 

[0239] The plate was then rinsed with pure water and dried. Step 6 of a silver-fiim continuous-tone step having a 
density range from 0.05 to 3.05 and density increments of 0,15 was completely reproduced on the copy Even the finest 
screens and lines of the original were clearly visible. The printing plate obtained in the manner described gave 32.000 
high quality impressions on a sheetfed offset printing machine. 

Example 151 and Comparative Example 112 

[0240] Monodisperse poly-4-hydroxystyrene (Nippon Soda Co.. Ltd.. Mw = abcut 9.000. polydispersity = 1 .08) was 
reacted with ethylene vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer of 4- 
hydroxystyrene and 4-(2-ethoxy)-ethoxystyrene. The copolymer had an average molecular weight of 10.500 as deter- 
mined by GPC using polystyrene as the standard. The molar ratio of 4-hydroxystyrens : 4-{2-ethoxy)-ethoxystyrene was 
about 6.9 : 3.1 as measured by NMR. 

[0241] The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9,8 g of the above copolymer, 

0.42 g of tris-4-t-butylphenyl sulfonium 3.3.3.2,1. 1-hexafluoropropane sulfonate (Example 51) or 

0.36 g of triphenyl sulfonium triflate (Comparative Example 112), 

0.03 g of triethanolamine, 

0.05 g of N.N-dimethylacetamide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0242] The solutions thus obtained were filtered and spin coated on silicon covered with a phosphor-spin-on-glass 
(PSG) layer, which has been pretreated by a dehydration bake at 150''C, and baked on a hot plate at BS^'C for 90 sec- 
onds to yield a thin layer having a thickness of about 0.65 ^im. The recording material was exposed as described in 
Example 101 (NA = 0.55. a = 0.71) using a mask with contact hole patterns down to 0.15 fim at a dose of 52 mJ/cm^ 
and baked for 90 seconds at 1 15'C. Next the material was developed as described in Example 101 . 
[0243] SEM inspection revealed that the recording material of the present inventon resolved 0.1 8 ^im contact holes 
at a duty ratio of 1 : 1 with a depth-of-focus (DOF) of about 1.40 ^m. The side walls of the contact holes were vertical, 
and virtually no footing was observed at the resist/substrate interface. The comparative material resolved 0.20 jim con- 
tact holes with a depth-of-fbcus (DOF) of less than 0.8 ^m. 

Example 152 and Comparative Exaniple 113 

[0244] The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolymer (POLY 102). 

0.4 g of tris-(4-t-butylphenyl)sulfonium 3,3.3,2,1, 1-hexafluoropropane sulfonate (Example 152) or 
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0.35 g of triphenyl sulfonium triflate (Comparative Example 113), 

0.03 g of triphenyl sulfonium acetate. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0245] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for an ..r 

onds on a hot piste at 13S'C to yield a thin layer having a thickness of about 0 82 um ec^d^^^ mS, ^ 

exposed in ttie same manner as in Example 101. The dose was 29 mJ at whfch H l.^es Tnd SeTo^O 2s'''' 

were provided. The film was then baked at 135°C for 90 seconds For both the materials ^Z^J^^ . 

describ«j in Example 101 yielded resolved line and space patterns beloTo 21 ^^^^S^^^^^^^ 

Of the present invention, the linewidth of isolated and dense lines was almo^ eqC Te thT^^J to d^nL hil 

liglble. Whereas, for the comparative material, a large iso to dense bias SJ^n the lines Tu^trltr^! JJ!T. 

hand, for the comparative material, there were dropouts of isolated lines of less than 0.14 from L TuS^L 
Synthesis Example 201 : 

Preparation of diphenyl 4.t-butylphenyl sulfonium nonafluorobutane sulfonate (PAG 201) 

rorcrn::rs^^rirhr^^^^^^ 

tOaS S g^n m 1 ''""^ ^^^'^-^^ became neutral. 

thIII ^ ^ . ''^ °^ '^'P^*"^ 4-t-butylphenyl sulfonium bromide was dissolved in about 50 ml of methanol 

J^^^ ""^^ "^''^ ^^'^'^^ ""'^ '"e«^3nol at a rate of 30 ml/hour 

u^nn L . ®'"^!^ monitored using a potentiometer and occasionally tested for the absence of bromide ions 
S N HO^Z'lSlT.Tl'^'ltZ Next, the concentration of the hydroxy! group was determined by tiSn with 
mlni/« H n ? u "^f ^^"^ 4-t-butylpheny) suHbnium hydroxide was about 100%. The solution was iiusted to 1 0 
mmol/g diphenyl 4-t-butylphenyl hydroxide. aojusiea lo i .o 

Smr^n w *° ^° ^ °' "^'^^^"^^ 4.t-butylphenyl hydroxide was added dropwise 15 01 a (50 

tl f^T "°^butane sulfonic acid diluted with 50 ml of methanol at room temperature^he mfxtu e w2 
^'^^ "^^ '^"'"'^ evaporation. The oil (30.9 g (aboirt 

obtained was crystallized to give pure diphenyl 4-t-butyIphenyl sulfonium nonafluorobutane sulfonate 
IUZ51] The punty was measured by HPLC and found to be > 99%. 

^H-NMR (CDCI3): 1.44 (s. 9H. 4-t-buty1). 7.62 - 7.71 (m. 14H. aromatic) ppm. 
Synthesis Example 202: 

Preparation of triphenyl sultonium nonafluorobutane sulltonate (PAG 202) 

SI ^i'^ r'^ °' ^"""^''^^ dissolved in 1300 ml of benzene in a 2-liter three-neck round- 

mon^ 1^ u "'^"'""^ ^solution of 189.0 g (0.90 mol) of trifluoroacetic anhydride and 135 1 g (0 45 

ina MeT^mtiT' "'"^ terrperature was maintained under ice 

D^iSe foS^.^ H r " , ' '"'"'"'^ ^^'''^ *^ ' ^« temperature was returned room tem- 
perature, followed by stirnng for additional 1 5 hours. 

S,?o!lv hc^r^ nlf"^'"^ P^^^'^ ''^'^ "^^ "PP«' Pl^^s^ removed and discarded. 

^^^n^ZT^^ t'^JfT'^'i:^ ""'"^^ 2°°° '"I "PO" which a semi- 

n «Sn^ A* The soluion was added dropwise to 1000 ml of vigorously stirred diethyl ether to reprecipitate the 
llr^ ^"^ °' "•''""3 "'"""""^ 2 hours. After the solid was separat«l from dS 

ether, this procedure was repeated once more to enhance the crystallinity of the product The mixture was f iliTed ^d 

[0254] Depending on the purity, the crystals can be either recrystallized from ethyl acetate or dissolved in the min- 
imum amount of dichloromethane and purified by column chromatography on silica gel.using a 95 : 5 dichloromethane- 
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methanol mixture to perform purification. The first fractions containing unreacted diphenyl sulfoxide were discarded. 
After collection of the main fractions, the solvent was evaporated to leave 139,1 g (yield 58.7%) of triphenyl nonafluor- 
obutane sulfonate as white crystals (m.p. 83 - 85.5°C). 

^H-NMR (CDCI3): 6 = 7.71 - 7.83 (m. 15H) ppm. 

[0255] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 203: 

Preparation of tris-(4-t-butylphenyl) suWonium nonafluorobutane sulfonate (PAG 203): 

[0256] 48.18 g (0.15 mol) of bis-(4-t-butylphenyl) sulfoxide (prepared from diphenyl sulfide and t-butyl bromide via 
FeCl3 catalyzed alkylation and subsequent oxidation with 2-chlorobenzoic acid) was dissolved in 400 ml of 4-t-butylben- 
zene in a 1 -liter three-neck round-t)Ottom flask equipped with a stirrer, a thermometer, a dropping funnel, a condenser 
and a nitrogen inlet. 

[0257] The mixture was cooled to 4*»C with vigorous stirring. A solution of 63.0g (0.30 mol) of trifluoroacetic anhy- 
dride and 45.0 g (0.15 mol) of nonafluorobutane sulfonic acid was added dropwlse thereto, while the temperature was 
maintained under ice cooling. After completion of the addition, the mixture was stirred for 1 hour. 
[0258] The temperature was returned to room temperature, followed by stin-ing for additional 15 hours. After stand- 
ing overnight, two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase 
of approximately 150 ml volume was diluted with 800 ml of diethyl ether, and washed twice with water and a sodium 
bicarbonate solution. The organic phase was dried over MgS04. After removal of the solvent, a semicrystalline solid 
was obtained. The semicrystalline solid was recrystallized from diethyl ether. Thus, 66.1 g (60.2%) of white crystals of 
tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (m.p. 198 - 200*C) was obtained. 

^H-NMR (CDCl3):6 = 1.36 (s. 27H). 7.81 - 7.88 (d. 12H) ppm. 

[0259] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Examples 204 to 208: 

[0260] The following sulfonium salts were synthesized in substantially the same manner as in the above synthesis 
examples. 

Tris-(4-methylphenyl) sulfonium nonafluorobutane sulfonate (PAG 204): 
^H-NMR (CDCl3):6 = 2.42 (s. 9H), 7.37 - 7.47 (d, 12H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
4-Methylphenyl-diphenyl sulfonium nonafluorobutane sulfonate (PAG 205): 

^ H-NMR (CDCl3):6 = 2.45 (s, 3H), 7.40 - 7.55 (d. 14H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-methy!phenyl)pheny! sulfonium nonafluorobutane sulfonate (PAG 206) 

^ H-NMR (CDCl3):6 = 2.43 (s. 6H). 7.43 - 7.53 (d. 13H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-butylphenyl)-phenyl suHonium nonafluorobutane sulfonate (PAG 207) 

^H-NMR (CDCl3):6 = 1.48 (s, 18H). 7.67 - 8.12 (m, 13H) ppm. 
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The purity was determined by HPLC analysis and found to be > 97%. 
4-Cyclohexylphenyl-diphenyl suifortum nonaf luorobutane sulfonate (PAG 208) 

^ 'H-NMR (CDCI3): 6 =1.53- 2.45 (m.11H), 7.42 -8.01 (m,14H)ppm. 

The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Example 209: 

10 

Preparation of tris-(4-butoxyphenyl) sulfonium nonafluorobutane sulfonate (PAG 209) 

10261 ] To a stirred solution of 60.0 g (o. 1 64 mol) of bis-(4-t-butoxyDhenvl) sulfoxide \n Pf, r n m r,A ^ 

I0262I The mixture was stirred for 2 hours at this temperature. Then water was added to Hor«m,,«.» 
20 Gngnard reagent, and the inorganic salts were removed ^ filtration. -^eTolu^ion waf<?n ert^^^ i^n'"^ 

s::?d"rn::atV"ter'^'°r 

riae ana 600 ml water. The organic phase was washed twice with water and dried The solvent wa^ rnm«„^ »^ . -^m 
rl' Pr^M^!!"'' P""''^ Chromatography on silica gerusl^ S fororett^^^^^^^^^ 

Thus. tns-(4-butoxyphenyl) sulfonium nonafluorobutane sulfonate was obtJned as a raSv vpnZ!h o h ^ 
« structure was confined by iH-NMR (CDCI3) with 8 = 1 .42 (s. 27H). 7.35 ^tI^. 6H) anS 'IS^t^T^Hy'' 

Synthesis Example 210; 

^ Preparation of tris-(4-t-butoxycarbonylmethoxyphenyl) sulfonium nonafluorobutane sulfonate (PAG 210) 

(0 008 mon^of^nS °' ff ^ "'"'^ °' tris-(4-butoxyphenyl) sulfonium nonafluorobutane sulfonate and 2 40 a 
(0.008 mol) of nonafluorobutane sulfonic acid in 200 ml of ethanol was refluxed for a hnurc u,ith ^tiX.vir ^ 
fionofthe solvent the crudeproductoftris-(4-hydro^^^^^ 

.s TandSTp^V^ m'o? oh''^^^^^^ ' ' anhydrous potallm^^^^^^ 

, w ^ ° ''"^y' *'oraacetate at 80°C for 3 hours. The cooled reaction mixture was ooured irrto7nn 

Te^^Tl^.T^'f d'-^-^'o^o-ethane. The organic phase was washed with watera^dri^CS^^em was 
«Thl5 ■ f X? Chromatography on silica gel using a dichloromethane arJmeSaTol 

memLl"hrn ' P^'^""* ''^ "^'^^ *° ^^"^ 9 *5 ^) ^nalytfcally pure tTs (Sj^bu^oXcaS 

Synthesis Example 2 1 1 : 

P'^eparation of p-pxocydohexyl2.norbornylmethylsulfbnlum nonafluorobutane suH^^^ 

Sfi'i/ s J^fofilTV*-^* a (0.106 moo Of 2-chlorocydohexane in 100 ml of ethanol was added dropwise 50 ml 
«n2 i^^T methylmercaptane sodium salt. The mixture was stirred for 3 hours. Then 600 ml water was add 
and the mixture was extracted with dichloromethane. The organic phase was dried, and the solvent was rer^^^ 
yield crude p-oxocyclohexyl methyl sulfide, which was purified by distillation (b.p. 45 ■ J5-ao 3 mmHq) 

.J . o u° ^ ^^^-^ "^^^ dissolved in 10 ml of nitromethane and added dropwise with 20 o Mid 

mmol) of 2-bromonorbomane and stirred at room terrperature for 1 hour. aropwise with 20 g (114 

[0266] After that, a solution of 2.28 g (15.6 mmol) of silver nonafluorobutane sulfonate dissolved in 400 ml of 
nitrar^ethane was added dropwise to the reaction mixture and stirred for three hours at room te^^ e The Sle 

55 ether Jhe precipitated solid was collected, washed with ether and recrystallized from ethyl acetate "me WeTd S fiSxo 
cydohexyl 2-norbornyt methyl sulfonium nonafluorobutane sulfonate was 1 .88 g. ^ ^ 

^H-NMR (CDCI3): 6 = 1.33 - 2.28 (m. 16H). 2.30 - 3.10 (m. 5H). 4.95 - 5.53 ppm (2m. 2H). 
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Synthesis Example 212: 



Preparation of bis-(4-cyclohexylphenyl) iodonium nonafluorofautane sulfonate (PAG 212) 

[0267] A 500 ml three-neck round bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a con- 
denser, and a nitrogen inlet was charged with 43 g (0.20 mol) of potassium iodate. 69.2 g (0.43 mol) of cyclohexylben- 
zene and 43 ml acetic anhydride. 

[0268] The mixture was cooled to -S'^C. A mixture of 43 ml of acetic anhydride and 30.1 ml concentrated sulfuric 
acid was added dropwise thereto with vigorous stirring. During the addition, the reaction temperature was kept below 
5°C. After the end of the addition, the temperature of the reaction solution was returned to room temperature over a 
period of 2 to 3 hours. The resulting mixture was left for 48 hours and cooled to 5°C. 100 g of a 1 : 1 ice/water mixture 
was added with stin-ing. During this operation, the temperature of the reaction solution was kept below lO^'C. Precipi- 
tated crystals of potassium salts were removed by filtration, and the predpitates were extracted twice with petroleum 
ether. To the remaining aqueous solution was added dropwise 45 g of ammonium bromide dissolved in 100 ml water 
with stirring. The precipitate of bis-(4-cyclohexyIbenzene)iodonium bromide was Isolated by filtration, washed, and 
dried. 

[0269] 15.26 g (28.5 mmol) of the bromide was dissolved in 100 ml of dichloromethane and 10.3 g (34.2 mmol) of 
nonafluorobutane sulfonic acid was added. The mixture was stirred at reflux for 6 hours. Hydrogen bromide evolved. 
After cooling, the reaction mixture was washed twice with a 2.5% aqueous solution of tetramethyl ammonium hydroxide 
and then dried. The solvent was then removed. The yellov/ish residue was recrystallized from an Isopropanol/isopropyl 
ether mixture to give 12.2 g (63 %) of bis-(4-cyclohexyiph9nyl) iodonium nonafluorobutane sulfonate. 

^H-NMR (CDCl3):5 = 1.12 - 1.75 (m. 22H). 7.23 - 7.90 (d. 8H) ppm. 

[0270] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Examples 213-215: 

[0271 ] The fdlov/ing iodonium salts were synthesized in substantially the same manner as in the above synthesis 
examples. 

Diphenyl iodonium nonafluorobutane sulfonate (PAG 213) 
^H-NMR (CDCl3):6 = 7.20 - 7.35 (m, 10H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-{4-methy!phenyl) iodonium nonafluorobutane sulfonate (PAG 214) 

^H-NMR (CDCyiS = 2.25 (S, 6H). 7.20 - 7.58 (d. 8H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-butylphenyO iodonium nonafluorobutane sulfonate (PAG 215) 

^H-NMR (CDCl3):6 = 1.48 (s, 18H). 7.35 • 7.49 (d. 8H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Example 216: 

Preparation of 4-methylpheny! phenyl iodonium nonafluorobutane sulfonate (PAG 216) 

[0272] To a stin-ed suspension of 4.40 g (20 mmol) of iodosylbenzene in 100 ml of dichloromethane was added 
dropwise 6.0 g (20 mmol) of nonafluorobutane suHbnic acid at O'C under exclusion of moisture. The mixture was stirred 
at room temperature for 2 hours. 

[0273] The temperature was returned to O^'C again. 1.84 g (20 mmol) of toluene was added dropwise. After the 
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iH-NMR (CDCl3):8 = 2.25 (s. 3H), 7.18 - 7.58 (m. 9H) ppm. 
[0275] The purity was determined by HPLC analysis and found to be > 97%. 
10 Example 201: 

[0276] A copolymer of 4-hydroxystyrene and 4-t-butyloxycarbonylstyrene was oreoared hv roartin« n, i- 

poly-4-hydroxystyrene with di-t-butylcarbonate. The copolymer had a mc^^eculaT^etaTof f 700 wit^l nT h ^ 
1 .1 8 as determined by GPC using polystyrene as theTtandart. The m^^ ra«o S SdmxvstSr^n^ ^T'T'^'^ ? 
15 onylstyrene was 7 : 3 as concluded from inspection of the NMR spectrum (pSlY 2C ^ ^^^^ ' 
[0277] The following ingredients were mixed together to prepare a solution of a oositi«e^ricin„ 
fied radiation sensitive conposition suitable for DUV (248 nm) e^osure: POs.t.ve^rk>ng chem.cally amph- 

9.8 g of the above copolymer, 
20 0.3 g of tris(4-t-butylphenyl) sulfonium nonaf luorobutane sulfonate. 
0.02 g of tetramethyl amrronium hydroxide, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyi ether acetate. 

[0279] The recording iraterial thus obtained was imagewise exposed using a mask providing lines ard soaces oat 
30 terns down to 0.10 jxm per image with a DUV stepper Nikon NSR 2005 EX i5b. having rnui^l SJapl^^tur^^^^^^^ 
0.55 dunng exposure and a coherence factor (a) of 0.55 with a dose of 22 mJ/cm^. The materiS Ss bakai It l^oi^^ 

S'a'SrnfTJf/'l'*'"*'^^^ 

anutpan KX ^"'"^ "^'^^ tetramethyl ammonium hydroxide provided by Clari- 

^ S.L M f ^'^'il^ '"^^^^ °* "^^^ ^'^^ "'9^ stability was obtained, structures < 0.25 ^m being resolved 
2lnSS °' '^^'^'^ °' "^'^'■"^"y ""«s/space structures being vrrLSlTcon- 

Sa !L ^1^^"" T ""^ "'^ '"^^ ""«^dth between dLeTn^ and 

T T """'^ ^ ^"^ dense/iso bias was very small. The resist profile was almost vertkS a^d 

very smooth, as neither line edge roughness nor standing waves were obsen^ed. 

Example 202: 

en?e of 2 a'^S^jL^'^'S^'^^f 5°" °^ '^■^'^^°^y^'y'^^' ^^^"^ ^ t-butylmethacrylate was carried out in the pres- 
^Ivmf; ® ^ polymerization initiator, followed by hydrolysis of the acetate groups of the 

l?^fL.r^^ ^"r*"^ ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
tied radiation sensitive conposrtion suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.3 g of bis-(4-t-butyIphenyl) iodonium nonafluorobutane sulfonate. 
0.03 g of triphenyl sulfonium acetate. 
55 0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyi ether acetate. 

[0283] The solution thus obtained was f ntered. spin-coated on a HMDS treated silicon wafer and baked for 60 sec- 
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onds on a hot plate at 1 30*^0 to yield a film thickness of 0.82 ^im. The recording material was exposed in the same man- 
ner as in Example 201 . The dose was 30 mJ/cnf. The film was then baked at 130^C for 90 seconds, 
[0284] Subsequent development as described in Example 201 resolved line and space patterns below 0,22 jim 
From scanning electron microscope (SEM) inspection, it was concluded that the linewidth of isolated and dense lines 
was almost equal, i.e. the dense to iso bias was negligible. Isolated line patterns were resolved down to 0,14 ^m. 

Example 203 and Comparative Examples 201 and 202: 

[0285] Radical polymerization of 4-t-butyioxystyrene was carried out in the presence of 2.2-azo-bls-isobutyronitrile 
as a polymerization initiator, followed by partial hydrolysis of the t-butyloxy groups with a concentrated aqueous hydro- 
gen chloride solution to prepare 4-hydroxystyrene with 12% of the t-butyloxy groups being left intact. This copolymer 
was then reacted with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a terpolymer 
of 4-hydroxystyrene. 4-(1-ethoxyethoxy)styrene and 4-t-butoxystyrene. The terpolymer thus obtained had a molecular 
weight of 23.400 with a polydispersity of 2.14 as determined by GPC using polystyrene as the standard, and the molar 
ratio of 4-hydroxystyrene : styrene : t-butyl methacrylate was 6.7 : 2.2 : 1 .1 as measured by NMR (POLY 203). 
[0286] The following ingredients were mixed together to prepare solutions of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 



9.8 g of the above copolymer, 

0.3 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate (Example 203), 

0.02 g of triphenyl sulfonium acetate. 

0.05 g of 9-anthramethyl acetate (DUV absorber). 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 



[0287] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.27 g (0.41 mmol) of tris-(4-t-buty!phenyl)sulfonium 
camphor sulfonate (Comparative Example 201) or 0.24 g (0.41 mmol) of tris-{4-t-butylphenyl)sulfonium phenylsulfo- 
nium trifluoromethane sulfonate (Comparative Exanple 202) was used instead of 0.3 g (0.41 mmol) of tris-(4-t-butyl- 
phenyl)sulfonium nonafluorobutane sulfonate. 

[0288] The solutions were filtered, and spin-coated on three silicon wafers. v;hich have been precoated with an 
experimental antireflectve coating provided by Clariant Japan K.K. at a film thickness of 60 nm (bake temperature: 
220°C). The resist films were baked for 60 seconds on a hot plate at 90**C to yield a film thickness of 0.75 ± 0.02 um. 
[0289] The recording materials were exposed as described in Example 201 (NA = 0.50, a = 0.50) and then baked 
at 105**C for 60 seconds. Development was done as described in Example 201. The results were as follows. 



Table 201 





Example 203 


Comparative Example 201 


Comparative Example 202 


Dose (mJ/cm^) 


22(1) 


31 (3) 


22 (1) 


Dense Line Resolution 


0.17(1) 


0.26 (3) 


0.18(1) 


Isolated Line Resolution 
(um) 


0.15(1) 


0.19(2) 


0.20 (3) 


Dense Line DOF @ 0.22 
^m (^m) 


1.4(1) 


0.0 (3) 


1.1 (2) 


isolated Line DOF @ 0,22 
nm (iim) 


1,0(1) 


0.6 (3) 


0.7 - 0,8 (2) 
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Table 201 (continued) 



Example 203 



Comparative Example 201 



Comparative Example 202 



Dense/iso bias @ 0.22 ^m 



9(1) 



Na (3) 



27(2) 



Remarks: 

In the table, rating was added in parenthesis (1) = best, (2) = Intermediate, (3) = poor. 
The dose is defined as the exposure energy to delineate equal lines and spaces of 0.22 pm pattern width 
The dense line resolution is defined as the smallest equal lines and spaces patterns fully reproduced at that dose 
The isolated line resolution Is defined as the smallest isolated line pattern without top film loss of the line at that dos« 
The dense line DOF is defined as the depth of focus of equal lines and spaces at that dose. 
The isolated line DOF is defined as the depth of focus of isolated lines at that dose. 
The dense/iso bias is defined as the linewidth difference between dense lines and isolated lines at that dose 
These results clearly demonstrate that the material using the resist material of the present invention has the best lith- 
ographic performance among these three samples. 



Example 204 and Comparative Examples 203 and 204: 



[0290] Monodisperse poly-4-hydroxystyrene (Nippon Soda Co.. Ltd.. Mw = 12.000. polydispersity = 1.16) was 
reacted with 2-chloroethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer of 
4-hydroxystyrene and 4.(l-(2-chloroethoxy)ethoxy)styrene. The copolymer had a molecular weight of 13.700 with a 
polydispersity of 1.21 as determined by GPC using polystyrene as the standard, and the monomer ratio of 4.hydroxy. 
styrene : 4-(1 -(2-chloroethoxy)ethoxy)styrene was 7.1 : 2.9 as measured by NMR (POLY 204). 
[0291] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer. 

0.25 g of tris-(4-t-butyIphenyl) sulfonium nonafluorobutane sulfonate (Example 204). 

0.03 g of triphenyl sulfonium acetate. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0292] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared In the same manner as described just above, except that 0.25 g of tris-(4-t-butylpheny I) sulfonium trrflate (Com- 
parative Example 203) or 0.25 g of tris-(4-t-butylphenyOsulfonium propane sulfonate (Comparative Example 204) was 
used instead of 0.25 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate. 

[0293] The solutions were filtered, spin coated on two HMDS treated silicon wafers each (total 6 wafers), baked for 
90 seconds on a hot plate at 1 lO^'C to yield a layer having a thickness of 0.75 ± 0.02 ^m. The recording material was 
exposed as described in Example 201 (NA = 0.55, a = 0.55). The dose was as indicated in Table 202. While one of each 
wafer was placed immediately on a hot plate and baked for 90 seconds at 75X (Test A), the second wafers were stored 
In the clean room for 60 minutes and then baked under the same conditions (Test B). Next, these wafers were devel- 
oped as described In Example 201 . The results are compiled in Table 202. 



48 



EP 1 033 624 A1 



Table 202 



5 


Test A 


Example 204 


Conparative Example 203 


Comparative Example 204 




Dose (mJ/cm^) 


24 (2) 


22 (1) 


37 (3) 




Dense Une Resolution 

(urn) 


0.17(1) 


0.17(1) 


0.21 (2) 


10 


Isolated Une Resolution 
(^im) 


0.15(1) 


0.15(1) 


0.19(2) 




Dense Line DOF @ 0.22 
Jim (^m) 


1.4-1.5(1) 


1.1 (2) 


1.1(2) 


IS 


Isolated Une DOF @ 0.22 
nm(jim) 


1.0 (1) 


0.6 (3) 


0.7 - 0.8 (2) 




Dense/iso bias @ 0.22 yim 
(nm) 


17(1) 


30(3) 


27 (2) 


20 


T-top 


None (1) 


None(1) 


None (1) 






Test B (after one hour) 


Example 204 


Comparative Example 203 


Comparative Example 204 




Dose (mJ/cm^) 


24(1) 


23(2) 


34(3) 


25 


Dense Une Resolution 
(^im) 


0.17(1) 


0.18(2) 


0.22 (3) 




Isolated Une Resolution 
(nm) 


0.15(1) 


0.16(2) 


0.21 (3) 


30 


Dense Une DOF @ 0.22 
^im(^m) 


1.4-1.5(1) 


0.9(2) 


0.6 (3) 




Isolated Une DOF @ 0.22 
um(um) 


1.0(1) 


0.4 (3) 


0.6 (2) 


3S 


Dense/iso bias @ 0.22 nm 
(nm) 


15(1) 


37(3) 


32(2) 




T-top 


None (1) 


Yes. slight 


Yes. medium 


40 


Remarks: 

The definition of the test items Is the same as given in Example 203. T-top Indicates formation of an insoluble phase 
on top of the resist. 

These results demonstrate superior performance of the resist material of the present invention (Test A) and superi- 
ority In dimensional stability upon delay time changes (Test B). 



45 Example 205: 



[0294] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co., Ltd.. Mw = 2,000, polydispersity 
= 1-16) was reacted with dihydropyran and a minor amount of a. e>-triethylene glycol divinyl ether in the presence of p- 
toluenesulfonic acid to prepare a copolymer cf 4-hydrGxystyrene and 4-tetrahydropyranyloxystyrene partially 
so crosslinked by a. co-triethylene glycol diviny! ether. The copolymer had an average molecular weight of 7.500 with an 
essentially trimodal molecular weight distribution at about 2.300. 4,600 and 7,000 and a minor amount of higher 
crosslinked parts as determined by GPC with polystyrene as the standard, and the monomer ratio of 4-hydroxystyrene: 
4-tetrahydropyranyloxystyrene was roughly 6.9 : 3.1 as measured by NMR (POLY 205). 

[0295] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampll- 
55 fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.42 g of t-butyloxycarbonylphenyl diphenyi sulfonium nonafluorobutane sulfonate. 
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0.03 g of tri-n-octylamine. 
0.05 g of N,N-dimethy!acetamide. 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyl ether acetate. 

[0296] The solution was filtered, spin coated on a silicon wafer covered with a phosphor-spln-on-glass layer which 
has been pretreated bake at 1 50°C. and baked for 90 seconds on a hot plate at 1 1 5-C to yield a layer having a thickness 
of 0.65 um. The recording material was exposed as described in Example 201 (NA = 0.55. a = 0.71) using a mask with 
contact hole patterns down to 0.15 jim at a dose of 62 mJ/cm^ and baked for 90 seconds at 120X Next the material 
was developed as described in Example 201 . "latenai 
[0297] Scanning electron microscope (SEM) inspection revealed that the recording material resolved 0 1 9 um con- 
tact holes at a duty ratio of 1 : 1 with a usable depth-of-focus (DOF) of about 0.7 ^m. The sidewalls of the contact holes 
were vertically, and virtually no footing was obsen/ed at the resist/substrate interface. 

75 Example 206: 

[0298] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co.. Ltd.. Mw = 8.000. polydispersity 
= 1 .09) was reacted with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a copolymer 
The copolymer was reacted with di-t-butyicartsonate In the presence of triethylamine to prepare a terpolymer of 4- 
so hydroxystyrene. 4-(l-ethoxyethoxystyrene) and 4-(t-butyloxycarbonyloxystyrene). The terpolymer had an average 
molecular weight of 10.200 with a polydispersity of 1.13 as determined by GPC using polystyrene as the standard and 
the monomer ratio of 4-hydroxystyrene: 4.(1 -ethoxyethoxy)styrene : 4.t-butyloxycarbonyloxystyrene was 6 5 • 3 8 • 0 7 
as measured by NMR (POLY 206). 

[0299] The following ingredients were mixed together to prepare a solution of a positive^working chemically ampli- 
25 fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolymer. 

0.35 g of bis-(4-cyclohexylphenyI) phenyl sulfonium nonafluorobutane sulfonate. 
0.02 g of tetrabutyl ammonium hydroxide. 
30 0.02 g of N,N-dicyclohexylamine. 

0.004 g of Megafac R-08 (tradename), and 
64.2 g of ethyl lactate. 

[0300] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 90 sec- 
onds on a hot plate at lOO^C to yield a layer having a thickness of 0.55 um. The recording material was exposed as 
descnbed m Example 201 (NA = 0.55. a = 0.71) using a mask with contact hole patterns down to 0.15 um at a dose of 
55 mJ/cm- and baked for 90 seconds at 120'C. 

[0301] Next the material was developed as described in Example 201. 

[0302] Exposure was performed as described in Example 201 using NA = 0.50 and a a-value = 0.60 at a dose of 
26 mJ/cm2. The material was baked for 90 seconds at 105°C. and developed with the surfactant-free developer of 
Example 201 for 60 seconds at 23*C followed by water rinsing. 

[0303] The material resolved dense lines and spaces patterns down to 0. 1 8 pm and isolated lines down to 0. 1 4 um 
The pattern shape was rectangular and no standing waves were observed. The DOF of the Isolated patterns was laraer 
than 1.0 um for 0.18 |im features. . 

Examples 207 and 208: 

[0304] Radical copolymerization of 4-acetoxystyrene with 4-t-butylacrylate was carried out in the presence of 2.2'- 
a2obis-(4<iimethoxy-2.4-dlmethyIvaleronrtrile) as a polymerization initiator, followed by hydrolysis of the acetate groups 
with an aqueous ammonium acetate solution. A part of the hydroxy groups in the copolymer thus obtained were reacted 
with ethyl vinyl ether in the presence of p-tduenesulfonic acid as a catalyst to prepare a terpolymer of 4-hydroxystyrene. 
4-(1-ethoxyethoxystyrene) and 4-t-butylacrylate. The terpolymer had an average molecular weight of 8.700 with a poly- 
dispersity of 1 .71 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 
4-(1-ethoxyethoxy)styrene : 4-t-butylacrylate was 7.1 : 1.8 : 1.1 as measured by NMR (POLY 207). 
[0305] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and e-beam exposure: 

9.8 g of the above terpolymer, 



35 



45 



SO 



55 
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0.28 g of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane sulfonate, 

0.03 g of triphenyl sulfonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0306] The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot plate for 90 
seconds at 1 10°C to yield a layer having a thickness of 0.53 ^m. One of the recording materials was exposed with exci- 
mer laser radiation provided by a Nikon NSR 2005 EX 10B stepper with an NA = 0.55 and a coherence factor a = 0.80 
using a mask with lines and spaces patterns down to 0.10 ^im at a dose of 22 mJ/cm^. The other recording material 
10 was pattern-wise exposed with e-beam radiation provided from a JEOL JBXX 5DII operating at 50 keV with a spot size 
of 10 nm (no proximity correction) at a dose of 16.2 jiC/cm^. The exposed wafers were placed on a hot plate and baked 
for 90 seconds at 1 20*'C. The materials were then developed with AZ® MIF 300, a surfactant free developer containing 
2.38% by weight of tetramethyl ammonium hydroxide provided by Clariant Japan K.K. for 60 seconds at 23'»C followed 
by pure water rinsing. 

75 [0307] The excimer laser exposed material resolved dense lines and spaces patterns down to 0. 1 8 pm and isolated 
lines and spaces down to 0,14 |im. The pattern shape was rectangular and only minor standing waves were observed. 
The DOF of the isolated patterns was larger than 1 .0 jim for 0.1 6 ^m features. 

[0308] The e-beam exposed material resolved dense lines and spaces down to 0.1 6 am and isolated lines down to 
0.1 1 |im. The DOF of the isolated patterns was larger than 1.0 nm for 0.15 ^m features. 

20 

Examples 209 and 210: 

[0309] A terpolymer of a 4-hydroxystyrene derivative, 4-(t-butoxystyrene) and 4-t-butylcarbonylmethyloxy styrene 
was prepared by acid hydrolysis of monodisperse poly-4-t-butoxystyrene to leave 15% of the butoxy groups intact. A 
25 part of the hydroxy groups in the copolymer were reacted with t-butyl bromoacetate in the presence of triethylamine as 
a catalyst. The terpolymer had an average molecular weight of 8.700 with a polydispersity of 1.06 as determined by 
GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 4-(t-butoxystyrene : 4-t-butylcarbony- 
loxystrene was 7.1 : 1 .4 : 1 .5 as measured by ^ H NMR (POLY 208). 

[031 0] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
30 fied radiation sensitive composition suitable for DUV (248 nm) and x-ray exposure: 

9.8 g of the above terpolymer, 

0.2 g of bis-(t-butylcarbonylmethyloxyphenyl) iodonium nonafluorobutane sulfonate, 
0.15 g of tris-(t-butylcarbonylmethyioxyphenyl) sulfonium nonafluorobutane sulfonate, 
35 0.03 g of tributylammonium pyr ovate, 

0.004 g of Megafac R-08 (tradename), and 
64.2 g of methyl amyl ketone. 

[0311] The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot plate (90 
40 sec/1 OO'^C) to yield a layer having a thickness of 0.72 ^im. One of the recording materials was exposed with excimer 
laser radiation provided by a Nikon NSR 2005 EX 10B stepper (NA = 0.55. ct = 0.55) using a mask with lines and spaces 
patterns down to 0.10 jim at a dose of 25 mJ/cm^. The other recording material was patternwlse exposed with x-ray 
radiation provided by a 0.6 GeV superconducting beam storage ring with a peak wavelength of 7.5 A using a Karl Suss 
XRS-200/3 stepper with a proximity gap of 30 at a dose of 70 mJ/cm^. The x-ray mask had lines and spaces pattern 
45 down to 100 nm and was composed of 0.5 ^im thick W-Ti absorber on a 2.0 ^im thick SiC membrane. The exposed 
wafers were baked for 90 seconds at '\^0''C and developed as described in Example 201. 

[0312] The excimer laser exposed material resolved dense lines and spaces patterns down to 0.16 ^m but the iso- 
lated lines were somewhat unstable and collapsed at geometries below 0.18 pm. The pattern shape was rectangular 
and only minor standing waves were observed. 
£0 [031 3] The DOF of the isolated patterns was larger than 1 .0 pm for 0. 1 6 ^m features. 

[0314] The x-ray exposed material resolved dense lines and spaces down to 0.14 ^m and isolated lines down to 
0.14 fim. At smaller geometries the patterns tended to collapse. The DOF of the isolated patterns was larger than 1,0 
Jim for 0. 15 ^im features. 

55 Example 211: 

[0315] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 
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9.8 g of the terpolymer described in Example 207 (POLY 207), 

0.8 g of 4.4*.(1-methylethylldene) bis-[4.l-phenyleneoxy acetic acid] di(1.1<iimethylethyl) ester. 
0.2 g of bis-(4-cyclohexy!phenyl) phenyl sulfonium nonaf luorobutane sulfonate, 
0.03 g of triphenyl sulfoniunn hydroxide, 

i^sorberf ^^^"^ ^ 9-anthrylmethanol reacted with 1 mole toluene-1 .3-diisocyanate (DUV 

0.004 g of Megafac R-08 (tradename), and 

64,2 g propylene glycol monomethyl ether acetate. 

[0316] The solution was filtered, spin-coated on a HMDS treated silicon wafer and baked on a hot olate f90 
sec/1 00°C) to yield a layer having a thickness of 0.55 ^m. exposed as described previously (NA = 0 55) at a dose of 35 
mJ/cm^, baked for 90 seconds at 1 20^C and developed. 

[031 7] The material resolved dense lines and spaces patterns down to 0.1 6 ^im and isolated lines down to 0 1 4 urn 
The pattern shape was rectangular and only minor standing waves were obsen^ed. The DOF of the Isolated Dan^rns 
was about 0.6 Mm for 0. 1 6 jim features. h^u-^rns 

Examples 212 and 213: 

[0318] 4-Hydroxystyrene. tetracyclododecyl methacrylate. t-butyl methacrylate and methacrylic acid 2-tetrah>dro- 
pyranyl ester was radically polymerized in the presence of 2.2'-azobis(isobutyronitrile) as a polymerization initiator to 
prepare a quaterpolymer. The quaterpolymer had an average molecular weight of 13.200 with a polydispersity c-' 2 4 
as determined by GPC using polystyrene as the standard, and the monomer ratio of the components was 1 5 • 3 5 2 5 
: 2.5 as measured by NMR (POLY 209). 

1031 9] The following ingredients were mixed together to prepare a solution of a positive-working chemically arroli- 
tied radiation sensitive composition suitable for DUV (248 nm) exposure and VDUV (193 nm) exposure: 

7.8 g of the quaterpolymer described above. 

2.8 g of 4.4'-(l-methylethylidene) bis-[4.1-cyclohexyleneoxy acetic acid] di(l.l-dimethylethyl) ester. 

0.2 g of bis-(4-cyclohexyjphenyl) iodonium nonafluorobutane sulfonate. 

0.03 g of triethanolamine. 

0.004 g of Megafac R-08 (tradename), and 

64,2 g of propylene glycol monomethyl ether acetate. 

[0320] The solution was filtered, spin-coated on two silicon wafers pretreated with A2® KrF-2. a commercially s^/^il- 
able antireflective coating available from Clariant Japan K.K. baked for 90 seconds at 120°C to yield a layer havir^ a 
thickness o^-55 ± 0.02 ^im. and one wafer was exposed as described in Example 201 (NA = 0.55. a = 0.80) at a dcse 
of 26 mJ/cn^. while the other wafer was exposed with an ISI ArP stepper with a NA = 0.60 and a a = 0.75 at a dos- of 
1 2.5 mJ/cm . The exposed wafers were baked for 90 seconds at 1 25°C and developed. 

[0321] The KrF excimer laser exposed material resolved dense lines and spaces patterns below 0. 1 6 ^im isolated 
lines down to 0. 1 4 ^m, but both with a slight tendency to form T-tops. The ArF excimer laser exposed material shcw^ 
the same resolution and pattern characteristics as the KrF excimer laser exposed material, however the DOF of 0 18 
^m lines exceeded that of the KrF exposed material by 25%. 

Examples 214-237: 

[0322] The following radiation sensitive compositions were prepared and processed according to the steos indi- 
cated in Table 203, where 



"Polymer" denotes the polymer used. 

"PAG" denotes the PAG (photoacid generator) used. 

"Disslnh" denotes the dissolution inhibitor used. 

"Base" denotes the basic additive used. 

"Solv" denotes the solvent used. 

"Ratio" denotes the component ratio in parts by weight used. 

"Substrate" denotes the substrate to be coated with the radiation sensitive composition used. 

"PB" denotes the applied prebake conditions (temperature/time). 

"FT" denotes the film thickness of the radiation sensitive composition used. 

"Exposure Type" denotes the radiation wavelength employed (ArF = 193 nm excimer laser. KrF = 248 nm excimer 
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laser, i-line = 365 nm quartz lamp, e-beam = 30 keV electron beams, x-ray = 1.3 nm). 

"Dose" denotes the applied exposure dose (in mJ/cm^ for ArF. KrF. Mine and x-rays and in MC/cm^ for e-beam), 
PEB denotes the applied post exposure bake conditions (temperature/time). 

"Dev" denotes conditions for development (temperatureAime) with an aqueous 2.38% tetramethyl ammonium 
hydroxide solution. 

"Res" denotes the resolution capability of dense 1 :1 lines and spaces. 

I'Delay Stability" denotes the linewidth change < 10% upon delay between exposure and post exposure bake. 
"Profile Angle" denotes the angle between the substrate and the sidewaii of 0.25 pm line patterns, and 
"DOF" denotes the depth of focus of 0.25 ^im lines. 
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[0323] The following abbreviations were used for the ingredients shown in the table. 
POLY 201 to POLY 209 = see the above examples 
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FOLY 210 = poly-(4-hydroxystyrene-co-4-(1-ethoxyethoxy)styrene). 6.7 : 3.3; Mw = 8,700; D = 1 12- 
POLY 21 1 = poly-(4-hydroxystryene-co-t-butylmethacrytate); 7.2 : 2.8- Mw = 1 1 4oo- D - i 86- 

" P°!y(^-I]yd^°'*ystyrene-co-4-(1-ethoxyisopropoxy)styrene: 6.9 : 3.1; Mw= 8.20o 'd = 1 14- 
pn, V o?/ P°'y;(3;Mroxystyrene-co-4.t-butyl vinylphenoxyacetate): 6.8 : 3.2; Mw = 15,200. D = 2 21 • 
u!^00%\'^^.'^'^^'^^'°^^^ 6.0 : 3.2 ': 0.8: Mw = 

FOLY 215 = poly-(4-hydroxystyrene-co-8-methyl-8-t-t)trtoxycarbonyltetracyclor4.4.0.l2 s l^-iOidodec-a-enp rn 
maleic anhydride): 1 : 4 : 5; Mw = 4,800; D = 2.45; ^ 3-ene-co- 

''^TM^'!^.^o!'Dt^^^^^^^ 6.5 : 2.5 : 

POLY 217 = poly-(4-hydroxystyrene-co-styrene-co-4-t-butyl vinylphenoxyacetate); 6.0 : 2.0 : 2.0; Mw = 12.300; D = 

l^[2(^^^l\^°^^'''^^'°''^^^^^ : 1.1; Mw 

b'uZfeo: ;.o'??MtT5^r:Tr^^^^^^^ --^ 

POLY 220 = poly-(4-hydroxystyrene-co-2-hydroxystyrene): 2 : 8; Mw = 9 200 D = 1 85* 

l^^ly^^^^^^ methacrylaWmevalonyl methacrylate): 1:6:3; 

PAG 201 to PAG 216 = see the above synthesis exarrples 

PAG 217 = bls-(4-butoxyphenyl diphenyl sulfonium nonafluorobutane sulfonate, 

PAG 218 = bis-(4-methylpheny() phenyl sulfonium nonafluorobutane sulfonate, ' 

PAG 219 = tris-(4<hlorophenyl) sulfonium nonafluorobutane sulfonate. 

PAG 220 = tris-(t-butyloxycarbonyloxyphenyl) nonafluorobutane sulfonate. 

PAG 221 = phenyl dimethyl sulfonium nonafluorobutane sulfonate. 

PAG 222 = 4-hydroxy-3.5-dimethylphenyl diphenyl sulfonium nonafluorobutane sulfonate 

PAG 223 = 2-naphthylcarbonylmethyl dimethyl nonafluorobutane sulfonate. 

PAG 224 = di-(4-t-butyIoxyphenyl) iodonium nonafluorobutane sulfonate, 

PAG 225 = di-(4-t-butylcafbonyfmethyloxyphenyl) nonafluorobutane sulfonate. 

PAG 226 = 4-t-butylphenyl phenyl Iodonium nonafluorobutane sulfonate. 

niQc Inl " '^;^';(i-P^enylethyIidene)-bis-{4. 1 -phenyleneoxy acetic acidi<Ji-(1 . 1 -dimethylethyl)ester 

uibb 202 = ethylidene tris-[4.1 -phenyleneoxy acetic acid]-tris-(1 . 1 -dimethylethyl)ester 

DISS 203 = (1-methylethylidene)-di-4,l-phenylene-bis-(1.l-dlmethylethyl)carbonic acid ester 

DISS 204 = ethylidene-tris-4,1-phenylene-tris-(1,1-dimethyiethyl)carbonic acid ester, 

BASE 201 = tetramethyl ammonium hydroxide. 

BASE 202 = tetra-n-butyl ammonium hydroxide, 

BASE 203 = tetra-n-butyl ammonium lactate. 

BASE 204 = methyldicyclohexylamine. 

BASE 205 = tri-n-octylamine, 

BASE 206 = triethanolamine, 

BASE 207 = triphenyl sulfonium acetate, 

SOLV 201 = propylene glycol monomethyl ether acetate, 

SOLV 202 = ethyl lactate, 

SOLV 203 = methyl amyl ketone. 

BARC 201 = DUV BARC AZ® KrF-3B® (available from Clariant Japan K.K) 
BARC 202 = DUV BARC GD-9® (available from Brewer Science). 
BARC 203 = DUV BARC DUV18® (available from Brewer Science). 
BARC 204 = DUV BARC DUV42® (available from Brewer Science). 
BARC 205 = i-line BARC AZ® BarU® II (available from Clariant Japan K.K.). 

[0324] All formulations contain a minor amount(< 0.01 ppw) of Megafac R-08 (tradename) surfactant. 
Example 238 and Comparative Examples 205 and 206: 

'^^.uL "[1^®.^"°^*"^ ingredients were mixed together to prepare three solutions of a positive-working chemicallv 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: cnemicaiiy 

9.8 g of the terpolymer (POLY 202) of the Example 202. 
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0.52 g (0.708 mmol) of trls-(4-t-butyIphenyl) sulfonium nonafluorobutane sulfonate (Example 238). 

0.66 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfonium perfluorooctane sulfonate (Comparative Example 205) or 

0.41 g (0.708 mmol) of tris-(4-t-butyIphenyl) sulfonium trifluoromethane sulfonate (Comparative Example 206), 

0.02 g of triphenyl sulfonium acetate. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0326] For comparison, positive-working chiemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.66 g (0.708 rnnrx)!) of tris-(4-t-butylphenyl)suIfonium 
perfluorooctane sulfonate (Comparative Example 205) or 0.41 g (0.708 mmol) of tris-(4-t-butylphenyl)suIfonium trifluor- 
omethane sulfonate (Comparative Example 206) was used instead of 0.52 g (0.708 mmol) of tris-(4-t-butylphenyl)sul- 
fonium nonafluorobutane sulfonate. 

[0327] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
DUV 30. an antlref lective coating provided by Brewer Science at a film thickness of 90 nm (bake conditions: 190**C/60 
sec). The substrate reflectivity at this film thickness was approximately 6%. The films were baked for 90 seconds at 
120^0 to yield films having a thickness of 0.72 ± 0.01 ^im and exposed as described in Example 201. The exposure was 
followed by a post exposure bake at 120*0 for 60 seconds and a development. 
[0328] The following results (Table 204) were obtained. 



Table 204 





Example 238 


Comparative Example 
205 


Comparative Example 
206 


Dose (mJ/cm^) 


25(2) 


33 (3) 


24 (1) 


Dense Line Resolution (pm) 


0.20 (1) 


0.24 (3) 


0.22(1) 


Isolated Line Resolution (j^m) 


0.12(1) 


0.15(3) 


0.13(2) 


Dense Line DOF @ 0.22 (im (^m) 


0.5-0.6(1) 


0.0 (3) 


0.3 - 0.4 (2) 


Isolated Line DOF @ 0.22 ^m (^m) 


1.8(1) 


1.6 (3) 


1 .7 0 .8 (2) 


Dense Pattern Profile @ 0.18 ^im 


Very Good (1) 


good (2) 


Good (2) 


Isolated Pattern Profile @ 0.15 


Good(1) 


Rim Loss (3) 


Tapered (2) 


Standing Waves 


Visible (2) 


Strong (2) 


Visible (1) 


Dense/iso bias @ 0.22 ^m (nm) 


12(1) 


Na(3) 


23(2) 



[0329] The test items in the table were the same as those in Table 203. From these results, it can be concluded that 
the material of the present invention has some superiority in the overall performance. 

Example 239 and Comparative Examples 207 and 208: 

[0330] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

9.8 g of the terpolymer (POLY 203) of Example 203. 
0.5 g of a,a-bis(cyclohexylsulfonyl)diazomethane. 

0.52 g of tris-(4-t-butylphGnyl) sulfonium nonafluorobutane sulfonate (Example 239), 

0.03 g of triphenyl sulfonium acetate. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0331] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.52 g of tris-(4-t-butylphenyl)sulfonium trifluorometh- 
ane sulfonate (Comparative Example 207) or 0.52 g of bis-(4-t-buty!phenyl)iodonium trifluoromethane sulfonate 
(Comparative Example 208) was used instead of 0.52 g of tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate. 
[0332] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
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2mocf^^^^^ ^"'^"'^ ^^P- ^ ^""^ t^'^*^"^^ 60 nm (bake conditions- 

200 C/60 sec). The substrate reflectivity at this film thickness was less than 5 %, Baking for 90 seconds at sS^C o^^ 
vided a layer having a thickness of 0.65 ± 0.01 pm. Top-view inspection of the photoresists by rnTcrosSre a^d^^^^^^^ 
electron microscope md.cated that all three films exhibited smooth surfaces without any sign of pinhdes por^^^^^^ 
cracking. The recording materials were exposed as described in Example 201 (NA = 0 55 a = 0 S) Snra^^^^^^^^ 
mask with 0.3 ^m contact hole patterns at the following dose, baked at IO50C fir 90 seconds and dSe^ ^ 
[0333] The results are summarized in Table 205. 
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Table 205 



[0334] 
[0335] 





Example 239 


Comparative Example 
207 


Comparative Example 
20a 


Dose (mj/cm^) 


45 (3) 


44(2} 


35(1) 


Dense C/H Resolution (^m) 


0.22 (1) 


0.22(1) 


0,22(1) 


Isolated C/H Resolution (^m) 


0.22 (1) 


0.23 (2) 


0.23 (2) 


Dense C/H DOF @ 0,25 |nm (^m) 


1.8(1) 


1.7(2) 


1.6(3) 


Isolated C/H DOF @ 0.25 ^m (um) 


1.3(1) 


1.1 (3) 


1.2 (2) 


C/H Sidewalls @ 0.25 |im 


Vertical (1) 


Vertical (1) 


Tapered (2) 


C/H Bottom @ 0.25 ^m 


Good(1) 


Foot (2) 


Undercut (3) 


C/H Top @ 0.25 urn 


Clear (1) 


Round (3) 


Round (2) 


Standing Waves 


Visible (1) 


Visible (1) 


Visible (1) 


Surface After Development 


Smooth (1) 


Popcorn (2) 


Popcorn (2) 



The test items were the same as those in Table 203. 

♦ ^ u . *e material of the present invention are superior in performance also 

tact noie resist. 



in use as con- 



35 



40 



45 



so 



55 



Example 240 and Comparative Example 209: 

toSeiare ^^Sl^^^^^ poly-(4.hydroxystyrene) (provided from Nippon Soda Corp.) was reacted with ethyl vinyl ether 

rn^ copolymer had a molecular weight of 6.800 with 32% of the phenolic hydroxy groups protected 

SL '^^edients were mixed together to prepare two solutions of a positive-working chemically 

amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

9.8 g of the above resin. 

chIo?o?thl<!^^^^^^ derivative prepared by the V^fllliamson ether reaction of 1 mol bisphenol A with 2 moles 2- 

0.52 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (Example 240) 
0.03 g of triphenylsulfbnium acetate. * /. 

0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyl ether acetate. 

.J^' comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
S^^nltr^'"^ described just above, except that 0.41 g (0.708 mmol) of tris-(4-t.butylphenyl)suIfonium 

trrfluoromethane sulfonate (Comparative Example 209) was used instead of 0,52 g (0.708 mmol) of trisW-butylphe- 
nyi)sulfonium nonafluorobutane sulfonate. 

. ^'^^^^'^ obtained were filtered and spin coated on two silicon wafers each, which have been pre- 
coated with A2 KrF.2 (tradename), an antlreflective coating provided by Clariant Japan K.K.. at a film thickness of 60 
nm (bake conditions: 220-C/60 sec). The photoresist films were baked for 90 seconds at 1 1 S^C to yield a film thickness 
Of 0.62 ± 0.01 um. After exposure as described in Example 201 (NA « 0.55. a = 0.55) at a dose of 32 mj/cm^ the 
exposed wafers were baked at 1 20«C for 90 seconds and developed. 

[0341] The recording material of the present invention resolved lines and spaces don to 0.20 jim with vertical side- 
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walls profiles. The materia! of the Comparative Example 209 showed a resolution limit at 0,28 pm and strong foot for- 
mation. A dissolution rate analysis revealed that the contrast of the comparative material was significantly degraded 
probably due to a crosslinking reaction of the divinyl ether derivative at the selected post exposure bake temperature. 

5 Example 241 : 

[0342] The following ingredients were mixed together to prepare two positive-working chemically amplified radiation 
sensitive composition solutions suitable for i-line (365 nm) exposure: 

10 8.6 g of a copolymer (molecular weight 1 2,200) of 3-methyl-4-hydroxystyrene and 4-hydroxystyrene (2 *1) 

2.8 g of the poly-N.O-acetal described in Example 238. 

0.45 g of 2-anthryl diphenyl sulfonium nonaf luorobutane sulfonate, 
0.04 g of triphenyl sulfonium hydroxide. 
0.004 g of Megafac R-08 (tradename), and 
15 88.5 9 of ethyl lactate. 

[0343] The solution thus obtained was filtered and spin coated on a wafer precoated with a 1 60 nm thick film of AZ 
Barii (tradename), a commercial antireflective coating available from Clariant Japan K.K.. which has been baked at 
200°C for 60 seconds. The photoresist was baked at IIO^C for 60 seconds to give a film thickness of 850 nm. The 
20 coated wafer was exposed through a mask with line and space patterns down to 0.20 jim using a Nikon SNR1 7051 step- 
per (NA = 0.50) at a dose of 56 mJ/cm^. After the exposure, the wafer was baked at 90»C for 60 seconds and developed 
as described in Example 201. After pure water rinsing, the wafer was dried and observed under SEM. The material 
resolved 0.26 um lines and space patterns free of scum and T-top formation. 

25 Example 242: 

[0344] Two solutions of a positive-working chemically amplified radiation sensitive composition suitable for VDUV 
(193 nm) exposure were prepared by mixing the following ingredients together: 

30 1 1 .1 4 g of poly(2-hydroxystyrene-co-2-m9thyt-2-adamantyl methacrylate-co-mevalonic lactone methacrylate) with 

a molecular weight of 8.000 and a polydisersity of 1 .82, 

0.31 g of bis-4-cyclohexyIphenyl iodonium nonaf luorobutane sulfonate, 

0.04 g of methyl diethanolamine. 

0.004 g of Megafac R-08 (tradename), and 
35 88.5 g of ethyl lactate. 

[0345] The solution thus obtained was filtered and spin coated on a wafer precoated with a 60 nm thick film of an 
experimental methacrylate based antireflective coating provided by Clariant Japan K.K.. which has been baked at 
200°C for 60 seconds. The photoresist was baked at 90°G for 60 seconds to give a film thickness of 450 nm and 
40 exposed through a mask with line and space patterns down to 0. 10 ^m using a ISI ArF excimer laser with a NA = 0.60 
at a dose of 14.5 mJ/cm^. After the exposure, the wafer was baked at 1 10^*0 for 60 seconds and developed with an 
aqueous developer A2 MIF 300 (tradename: available from Clariant Japan K.K.) containing 2.38% tetramethyl ammo- 
nium hydroxide for 60 seconds at 23*C. The material resolved 0.14 ixm lines and space pattern without any T-top for- 
mation. The interface between the antireflective coating and tiie photoresist was free of scum. 

45 

Example 243: 

[0346] Two solutions of negative-working chemically amplified radiation sensitive composition suitable for DUV 
(248 nm) exposure were prepared by mixing the following ingredients together: 

so 

7.9 g of a copolymer of 4-hydroxystyrene and styrene prepared by radical polymerization In the presence of 2.2*- 
azobis(4-methoxy-2.4-dimethylvaleronitri!e) as a polymerization initiator, the copolymer having a molecular weight 
of 9.200 and a polydispersity of 2.14 as determined by GPC using polystyrene. as the standard and a monomer 
ratio of 8 : 2 as determined by ^H-NMR. 

55 2.0 g of distilled hexamethoxymethyl melamine. 

0.3 g of trls-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate, 
0.02 g of teti-abutyl ammonium lactate, 
0.004 g of Megafac R-08 (ti-adename), and 
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62.4 g of pro(^lene glycol monomethyl ether acetate. 

[0347] The solution thus obtained was filtered, spin coated onto a HMDS treated silicon wafer at 3 000 mm ard 
baked on a hot plate at 1 1 5">C for 60 seconds. The resulting film thickness was 0.72 jim ' 
^ ^°^L . .'^^ exposure as deswibed in Exanple 201 followed at a dose of 32 nxJ/cm^. The exposed material was then 
subjected to a post exposure bake on a hot plate at 1 25°C for 90 seconds and developed 

[0349] The fine lines and spaces were resolved down to 0.20 pm. Isolated lines were resolved down to 0 16 am 
when a dose of 38 mj/cm2 was applied. The depth-of-focus of the 0.1 6 ^m tines was about 0.80 pm. f*'" 

10 Examples 244 and 245: 

[03S0] A solution of negative-working chemically amplified radiation sensitive composition suitable for DUV f248 
nm) and e-beam exposure was prepared by mixing the following ingredients together: 

15 7.Q g of a copolymer of 4-hydroxystyrene and 4-methoxystyrene prepared by radical polymerization in the presence 
Of 2 2 -a2obis(isobutyronitrile) as a polymerization initiator, the copoylmer having a molecular weight of 9 600 and 
a polydispersity of 2.21 as determined by GPC using polystyrene as the standard and a monomer ratio ofV 8 • 2 => 
as determined by ^ H-NMR. o> ' o . 

2.0 g of recrystallized tetramethoxymethyl glucoril. 

so 0.5 g of tetrabutoxymethyl glucoril, 

0.3 g of tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate. 

0.02 g of tetramethyl ammonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyl ether acetate. 

25 

[0351] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion oro- 
moter (hexamethyl disilazane) at 3.000 rpm. After baking on a hot plate at 95»C for 60 seconds, a film thickness of 0 74 
+ 0.2 nm was obtained. 

[0352] One wafer was subjected to an exposure through a mask with fine lines and space patterns down to 0 10 
30 jxm using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA= 0.55. a= 0.80) at a dose of 24 mJ/cm2 The other 
wafer was exposed with e-beam using the e-beam writer described in Example 208 at a dose of 14.3 ^C/cm^ 
[0353] The exposed materials then were subjected to a post exposure bake on a hot plate at 95°C for 90 seconds 
and developed. 

[0354] The excimer laser exposed material resolved fine lines and spaces down to 0.20 nm Isolated lines were 
resolved down to 0.15 pm when a dose of 31 mJ/cm^ was applied. The depth-of-fccus of the 0.15 nm lines was about 
0.90 ^m. 

[0355] The e-beam exposed material yielded Isolated lines with a linewldth below 0.10 ^irn. 
Examples 246 and 247: 

[0356] Two solutions of a negative-working chemically amplified radiation sensitive composition suitable for DUV 
(248 nm) and x-ray exposure were prepared by mixing the following ingredients together: 

5 9 g of a terpolymer of 4.hydroxystyrene. styrene and N-hydroxymethyl methacrylamide with a molecular weight 
45 Of 1 1,500. a polydispersity of 1 .69. and a monomer ratio of 8 : 1.8 : 0.2. 

1 .5 g of recrystallized tetramethoxy methyl glucoril, 

0.5 g of 4.4'-(l-methylethy1idene)-bis-[2.6-bis-(hydroxymethyl)-phenol] 

0.3 g of bis-{t-butylphenyi) iodonium nonafluorobutane sulfonate. 

0.02 g of tetramethyl ammonium hydroxide, 
so 0.004 g of fvlegafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyl ether acetate. 

[0357] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion pro- 
moter (hexamethyl disilazane) at 3.000 rpm. After baking on a hot plate at 95X for 60 seconds, a film thickness of 0 67 
55 ± 0.02 ixm was obtained, 

[0358] One of the wafers was subjected to an exposure through a mask with fine lines and space patterns down to 
0.10 Mm using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55. a = 0.55) at a dose of 18 mJ/cm2 The 
other wafer was exposed with x-rays as described in Example 21 0 at a dose of 52 mJ/cm^, The exposed materials were 
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then subjected to a post exposure bake on a hot plate at 95°C for 90 seconds and developed. 
[0359] The fine lines and spaces of the excimer laser exposed material were resolved down to 0.22 ^m. Isolated 
lines were resolved down to 0.18 jim when a dose of 25 mJ/cm^ was applied. The depth-of-focus of the 0 18 iim lines 
was about 1.25 pm. 

[0360] The x-ray exposed material resolved dense lines and spaces down to 0.16 ^im while isolated lines were 
resolved down below 0.16 jim. 

Example 248 and Comparative Example 210: 

[0361] Two negative-working chemically amplified radiation sensitive composition solutions suitable for i-line (365 
nm) exposure were prepared by mixing the following ingredients together: 

7.2 g of a copolymer (molecular weight 15,000, glass transition temperature US^'C) of 3.5<limethy1-4-hydroxysty- 

rene and 4-hydroxystyrene (3 : 7), 

2.0 g of distilled hexamethoxymethyl melamlne, 

0.02 9 of tetramethyl ammonium hydroxide. 

0.004 g of Megafac R-08 (tradename), and 

42.4 9 of propylene glycol monomethyl ether acetate. 

[0362] To one of the base formulations, a solution of 0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium nonafluor- 
obutane sulfonate dissolved in 20 g of propylene glycol monomethyl ether acetate was added (Example 248), 
while to the other base formulation. 

0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium trrfluoromethane sulfonate dissolved In 20 g of propylene glycol 
monomethyl ether acetate was added (Comparative Example 210). 

[0363] The solutions thus obtained were filtered and spin coated onto HMDS treated silicon wafers at 2.400 rpm. 
After baking on a hot plate at QO^C for 60 seconds, both materials yielded a film thickness of 1 .06 ± 0.03 nm.' 
[0364] The wafers were subjected to an exposure through a mask with fine lines and space patterns down to 0.20 
^m using a Nikon NSR 17551 7a i-lrne stepper at a dose of 82 mJ/cm^. The exposed materials were then baked on a 
hot plate at 105X for 90 seconds and developed. 

[0365] The material of the Example 248 resolved 0.28 ^m lines and spaces patterns and the profile of the resist 
patterns were Ideally rectangular. No whisker-like raised portions or scum were observed. The dose to print isolated 
lines with a width of 0.28 iim was found to be 91 mJ/cm^. 

[0366] The material of the Comparative Example 210 also resolved 0.28 ^im lines and spaces patterns. However, 
the top of the line patterns was rounded, and the bottom of the line patterns had an undercut structure combined with 
severe scum. The dose to print isolated lines with a width of 0.28 ^m was found to be 95 mJ/cm^ and therefore this for- 
mulation (Comparative Example 210) was judged to be clearly inferior to that of the Example 248. 

Example 249 and Comparative Example 211: 

[0367] From Example 204, it is evident that the replacement of triflate based PAGs with the nonaf late based PAGs 
of the present invention yields radiation sensitive compositions with Identical sensitivity and resolution capability. 
[0368] A first quartz wafer was coated with a solution containing a mixture of 

5.0 g of poly-(4-hydroxystyrene), and 

0.3 g of tris-(4-t-butyiphenyl)sulfbnium nonafluorobutane sulfonate dissolved in 50 g of propylene glycol monome- 
thyl ether actetate and baked at 120*C for 60 seconds(Example 249. wafer 201). 

[0369] A second quartz wafer was coated with a solution containing a mixture of 

5.1 g poly-(4-hydroxystyrene). and 

0.3 g tris-(4-t-butylphenyl)sulfbnium triflate dissolved in 50 g propylene glycol monomethyl ether acetate and baked 
at 120''C for 60 seconds (Comparative Example 21 1 . wafer 202). 

[0370] In addition, two other quartz wafers were coated wHh a solution of 

5.0 g poly-(4-t-butyloxycarbonyloxystyrene) dissolved in 50 g propylene glycol monomethyl ether acetate 
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and baked at SCC for 90 seconds (wafer 203 and wafer 204). 

[0371] Wafers 203 and 204 were subjected to a quantitative FIR spectrum analysis with resoect to the absorntion 
.ntensity Of the carbonyl bond. Then the film on wafer 203 was brought into intimate'contact 1 on 

and the film on wafer 204 with the film on wafer 202 each at a pressure of about 0.05kg/cm2 Both ^fe paJs ^ e sub 
5 jected to a flood irradiation with DUV KrF exdmer laser irradiation at a dose of 80 mJ/cm^T^ a i*?for ao 

and their PR spectra were again recorded. After substraction of the two spectra (before and after exposure/Jakefft 
became evident that 470A of the t-butyloxycart>onyloxy groips of the polymer on wafer 204 had bXcletSlnto 
hydroxy groups by trrfluoromethanesulfonic acid produced during exposure and diffusing into the poXr dS 
10 post exposure bake, while only 1 4% of the t-butyloxycarbonyloxy groups of the polymer on wafer 203 hVd been 

ir^dicating that the trifluoromethane sulfonic add produced from wafer 202 was much more volatile than the nonaS 
obutane sulfonic acd produc«f from wafer 201. From this experiment, it can be conduded thS^ramrum o^^^^^^^ 

r - Mon " ''^""'^"^ ""'"'^^ 9«"«^««"9 P^CSs were replaced with the PAGs of L prient 
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Example 250: 



J^®. ^^ns\t\ve composition of Example 241 was coated on a mechanically surface grained alumi- 

Tmi^^^ll ' hf r ^o^"" ' ^"^^ '"^^'"'^^ ^^^^^'3^ ^ positive 'worWng originafwjh a 5 

kW metal hal.de light source for 23 seconds, the foil was heated at lOO^C for 8 minutes in a convection oven The 
printed image was developed with a developer solution containing the following ingredients by a splush paddle method: 



5.0 g of sodium lauryl sulfate. 
So 1 .5 g of sodium metasilicate pentahydrate. 

1.6 g of trisodium phosphate dodecahydrate. and 
92.5 g of ion-exchanged water. 



[0373] The plate was then rinsed with pure water and dried. Step 6 of a silver-film continuous-tone steo having a 
density range from 0.05 to 3.05 and density increments of 0.1 5 was completely reproduced on the copy. Even the finest 
screens and lines of the original were clearly visible. The printing plate obtained in the manner described gave 32 000 
high quality impressions on a sheetfed offset printing machine. 

Claims 

1 . A chemically amplified radiation sensitive composition comprising; 

an onium salt precursor which generates a fluorinated alkanesulfbnic acid as a photoacid generator and 
a film forming hydroxystyrene based resin. 

2. The composition according to claim 1 . wherein the alkanesulfbnic acid has 3 to 4 caibon atoms. 

3. The composition according to claim 1 . wherein the onium salt precursor which generates a fluorinated alkanesul- 
fonic acid IS a sulfonium or iodonium salt of 3.3,3,2.1 . 1 -hexafluoropropane sulfonate or nonafludrobutane sulfonate. 

4. The composition according to claim 1 . wherein the photoacid generator is a sulfonium or iodonium salt of a f luori- 
nated alkane sulfonic acid, represented by formula (I): 

Y-ASO3 (I) 
wherein A represents CF3CHFCF2 or CFgCFgCFgCFa: and Y represents 
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R? or ft I* 



wherein r\ r2. r3. r^, and R^ each independently represent 
an alkyi group, 

a monocyclic or btcyclic alkyI group, 

a cyclic alkylcarbonyl group, 

a phenyl group. 

a naphthyl group, 

an anthryl group, 

a peryl group, 

a pyryl group. 

a thienyl group, 

an aralkyi group, or 

an arylcarbonyi methylene group, or 

any two of R\ R^, and or R*^ and R^ together represent an alkylene or an oxyalkylene which forms a five- 
or six-membered ring together with the interposing sulfur or iodine, said ring being optionally condensed with 
aryl groups. 

one or more hydrogen atoms of R\ R^. R^. r^. and R^ being optionally substituted by one or more groups 
selected from the group consisting of a halogen atom, an alkyf group, a cyclic alkyl group, an alkoxy group, a 
cyclic alkoxy group, a dialkylamino group, a cyclic dialkylamino group, a hydroxy! group, acyano group, a nitro 
group, an aryl 

group, an aryioxy group, an arylthio group, and groups of formulae (II) to (VI): 
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■0 Si R^^ (V) 



R 



,12 



C Of^ (VI) 



wherein and each independently represent a hydrogen atom, an alkyi group, which may be substi- 

^Tn ll °' ^T^' ^ be substituted by one or more hi 

ogen atoms, or and R^ together can represent an alkylene group to form a ring 

R represents an alkyI group, a cyclic alkyI group, or an aralkyi group, or R^ and R^ together represert an 
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alkylene group which forms a ring together with the interposing -C-0- group, the carbon atom in the ring 
being optionally substituted by an oxygen atom, 

represents an alkyi group or a cyclic aikyi group, one or two carbon atoms in the alkyi group or the cyclic 
alkyi group being optionally substituted by an oxygen atom, an aryl group, or an aralkyi group. 

and R^^ each independently represent a hydrogen atom, an alkyi group, or a cyclic alkyi group. 
R^2 represents an alkyi group, a cyclic alkyi group, an aryl group, or an araikyi group, and 
R^2 represents an alkyi group, a cyclic alkyi group, an aryl group, an aralkyi group, the grouo -SifRi2),Ri3 
or the group -0-Si(R^2)^Ri^ « h v ^2 . 

5. The composition according to claim 1, wherein the film forming hydroxystyrene based resin is a polymer of 4- 
hydroxystyrene. 3-hydroxystyrene. or 2-hydroxystryene. or a co-. ter-, quater- or pentapoiymer of the styrenes and 
other monomers. 

6. The composition according to claim 1 . which is a positive-working chemically amplified radiation sensitive compo- 
sition. 

7. The composition according to claim 6, wherein the resin is made alkali insoluble by protecting alkali soluble groups 
on the resin with an acid cleavable protective group. 

8. The composition according to claim 7. wherein said resin has multiple acid cleavable C-O-C or C-O-Si bonds. 

9. The composition according to claim 6. wherein said resin has a molecular weight of 2,000 to 200.000 and a poly- 
dispersity of 1.01 to 2.80. 

10. The composition according to claim 6. which further comprises a dissolution inhibitor with at least one acid cleav- 
able C-O-C or C-O-Si bond. 

11. The composition according to claim 10. wherein said dissolution inhibitor is a phenolic and/or carboxylic acid type 
compound with at least one acid cleavable C-O-C or C-O-Si bond and having a molecular weight of approximately 
100 to 20,000. 

12. The composition according to claim 6, which further comprises other performance improving additives. 

13. The composition according to claim 12. which comprises: 

(1) 0.1 to 30 parts by weight of a sulfonium or iodonium salt of a f luorinated alkane sulfonic acid, represented 
by formula (I); 

(2) 100 parts by weight of said film forming hydroxystyrene based resin with multiple acid cleavable C-O-C or 
C-O-Si bonds: 

(3) 0 to 50 parts by weight of said dissolution inhibitor with at least one acid cleavable C-O-C or C-O-Si bond: 
and 

(4) 0.01 to 5.0 parts by weight of said performance improving additives. 

14. The composition according to claim 1 . which is a negative-working chemically amplified radiation sensitive compo- 
sition. 

15. The composition according to claim 14. wherein said film forming hydroxystyrene based resin Is an alkali soluble 
and acid-sensitive self-crosslinkable resin. 

16. The composition according to claim 14, which further comprises an acid-sensitive crosslinking agent. 

17. The composition according to claim 14, wherein said resin has a molecular weight of 2.000 to 200.000 and a poly- 
dispersity of 1.01 to 2.80. 

18. The composition according to 16. wherein said crosslinking agent is a melamine/formaldehyde condensate and/or 
a urea/fbrmaldehyde condensate with at least two acid-aossllnkable groups. 

19. The composition according to claim 14. which further comprises other performance improving additives. 
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20. The composition according to claim 19, which comprises: 

(1) 0.1 to 30 parts by weight of a sulfonium or iodonium salt of a fluorinated alkane sulfonic acid reoresented 
by formula ((); ' ^ csjcmcu 

(2) 100 parts by weight of said hydroxy! styrene based resin; 

(3) 3 to 70 parts by weight of said acid-sensitive crosslinking agent; and 

(4) 0.01 to 5.0 parts by weight of performance improving additives. 

21. The ^°y^POsition accordln^ to claim 1 wherein said radiation sensitive photoacid generator is a compound of for- 
mula (I), where R\ r2. r3. r4^ and each independently represent 

a 0^.12 alky! group, 

a monocyclic or bicyclic alkyi group, 

a C4.^2 oycWc alkylcarbonyl group, 

a phenyl group, 

a naphtyl group, 

an anthryl group, 

a peryl group, 

a pyryl group, 

a thienyl group, 

an aralkyi group, or 

an arylcarbonylmethylene group with up to 15 carbon atoms, or any two of R'. R^. and R^. or R^ and R^ 
together represent an alkylene or an oxyalkylene which forms a f h/e- or six-msnber^ ring together with the 
interposing sulfur or iodine atom, said ring being optionally condensed with aryi groups. 

22. The composition according to claim 21 . wherein said radiation sensitive photoacid generator is a compound of for- 
mula (I), 

wherein one or more hydrogen atoms of R\ r2. r3. r4 r5 optionally substituted by at least one group 
selected from the group consisting of a halogen atom, a C,,e alkyI group, a C3.6 cyclic alkyI group, a Ci e alkoxy 
group, a C3.6 cyclic alkoxy group, a di-Ci.3 alkylamino group, a cyclic di-Cg-ig alkylamino group, a hydroxyl group 
a cyano group, a nitro group, an aryl group, an aryloxy group, an arylthio group, and groups represented by formu- 
lae (II). (Ill), (IV), (V). and (VI), 

wherein R^ and R^ each independently represent a hydrogen atom, a C1.6 alkyI group, which may be substituted 
by one or niore halogen atoms, or a C3.5 cyclic alkyl group, which may be substitLled by one or more halogen 
atoms, or R and R together represent an alkylene group to form a five-membered or six-membered ring, 

R® represents a C1.6 alkyl group, a C3.6 cyclic alkyl group, or a aralkyi group, or R^ and R^ together rep- 
resent an alkylene group which forms a five- or six-membered ring together with the interposing -C-O- group, 
the carbon atom in the ring being optionally substituted by an oxygen atom, 

R^ represents a C1.6 alkyl group or a C3.6 cyclic alkyl group, one or two carbon atoms in the alkyl group or the 

cyclic alkyl group being optionally substituted by an oxygen atom, a 05.12 aryl group, or a Cy.^j aralkyi group 

R^^ and R each independently represent a hydrogen atom, a C^s alkyl group, or a C3.6 cyclic alkyl group ' 

^13 ^ ^1^6 alkyl group, a Cg.g cyclic alkyl group, a aryl group, or a C7.12 aralkyi group, and' 

^ ifP**®!!"*^ ^ ^^-^ cyclic alkyl group, a Cg-ig aryl group, a 67,12 aralkyi group, group - 

Si(Ri2)2Ri3 or group -0-Si(R^2j2R^3 / 1^ 7 k a h 

23. The composition according to claim 1 , wherein, in the compound of formula (I), 

R\ R2. r3. and R^ each Independently represent a C1.3 alkyl group, a C3.5 monocyclic alkyl group, C10.12 
bicyclic alkyl group, a Cg.g cyclic alkylcarbonyl group, a phenyl group or a naphthy! group, or any two of R\ R^ 
and R , or R'* and R^ together represent an alkylene group to form a five- or six-membered alkylene ring one 
or more hydrogen atoms of R\ R^, r3. R^, and R^ optionally substituted by at least one group selected from 
the group consisting of a nydrogen atom, a halogen atom, a Ci.s alkyl group, a C3.6 cyclic alkyl group, a Ci g 
alkoxyl group, a C3.6 cyclic alkoxyl group, a hydroxyl group, an aryl group, an aryfoxy group, an arylthio grouo 
and groups of formulae (II). (Ill), (IV). (V). and (VI). 

wherein R^ and R^ each Independently represent either a hydrogen atom or a methyl group, provided that R® 
and R^ do not simultaneously represent hydrogen. R^ represents either a C1.4 alkyl group or and R^ 
together represent an alkylene group which forms a ring together with the interposing -C-O- group, R^ repre- 
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sents a C1.4 alkyi group, and R^^ represent a hydrogen atom, 
R^^ represents a methyl group, and 
R^*^ represents a methyl group. 

24. The composition according to claim 1, wherein said compound of formula (I) is a tris-(4-t-butylphenyl)suffonium salt 
of a f luorinated alkane sulfonate. 

25. An iodonium salt of formula (I) as defined in claim 4, 

26. A sulfonium salt of formula (I) as defined in claim 4. wherein at least one hydrogen atom on group represented by 
R^ . R^, or R^ is substituted by a substituent defined in claim 3. 

27. Tns-{4-t-butylphenyl)sulfonium 3,3,3,2. 1,1-hexafluorobutane sulfonate. 

28. Tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate. 



69 



EP 1 033 624 A1 



INTERNATIONAL SEARCH REPORT 



lAtemacianaJ application No. 

PCT/JP99/04304 



A. CLASSIFICATION OF SUBJECT MATTER 

Inc. CI* G03F7/004, 7/039. 7/038, C07C381/12. 309/05 



According to latemadonal Patent Classification (IPQ or to boih nationai classification and IPC 



B. FIELDS SEARCHED 



Minimum docxmieouition searched (classification system followed by classification aymbob) 
Int:. CI' G03F7/004, 7/039, 7/038 



Documentation searched other than miiumum documentation to the extent that such documents are included in the fields searched 



Electronic dau base consulted during the international search tiuune or data base aixS, whet« pcacricable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant (o claim No. 



JP, 10-48814, A (Japari Synthetic Rubber Co., Ltd.), 
20 February, 1998 (20.02.98), 

Claim 1, Examples 1-6, Par. No. [0045] (Family: none) 



Ltd., et al.). 



JP, 8-248626, A (Shin-Etsu Chemical Co 
27 Septiember, 1996 (27.09.96), 
Claims 1-7, Examples 1-14,18,20,23, and 26, 
Par, No. [0058) (Family: none) 

JP, 8-27094, A (Japan Synthetic Rubber Co., Ltd.), 

30 January, 1996 (30.01.96), 

Claim 1*3, Exanqples 1-10, Par. No. [0116] (Family: none) 

JP, 5-222257, A (Ciba-Geigy Corporation) . 

31 Augusc, 1993 (31.08.93), 

Claims 9-13, Examples 1-10, Par. No. [0106] - [0107] , 
& BP, 501919, Al & BR, 9200693, A 

6 CA, 2062066, A & TW, 205593, A 
& US, 5238781, A 



1-13,21-28 



1-13,21-28 



1-28 



1-5,14-28 



^3 Further documents arc lifted in the continuation of Box C. See patent family annex. 



* SpecUl ctiegohe* of cited docuaieats: 

"A" document defliang Uie geneal tme of the an which is not 

eonsidered to be of paflLMlarrelevtnoe 
"E" earlier document but published on or sAer the intemadonil filing 

'L* dodUBcnt which may ibrow doubu om priority cUim(») or whkh ia 
cited to essbliih ihe publicaboo date or another citation or other 
special reuoa [ms specified) 

'Cf document refening to an onl difclosurc, use. cxhiVillon or other 

T* document pubftshed prior to the latcrmmxional filing dau but later 
than the priority date claimed 



"l" Utcr document published after the imemaiional fiting daU or 
priority date and not in conflict with the application but cited to 
nndesnand the principle or dioe.'y undcrtying the nireatioo 

"X* document of paitticutar relrvance; the cUrmnd inveaCiaa caaoot be 
cooaidend novd or cufiot be eonaidend to involve aa inventive 
■tep wheo the document is tdun alooe 

"Y* document of paxticoUr relevance; the daimed iovtntioo cannot be 
considered to invtilve an inventive ftep when the docu.mt a 
combmed with one or more other auch documenfa, such 
combtnetioa being obvioua to • person iktlled in the vt 

"St* document memb er of the tame patent (mamly 



Dale of the actual completion of the intenialioztal search 
01 November, 1999 (01.11.99) 



Date of mailing of the totcmatioaal search report 
09 November, 1999 (09.11.99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Ftcatmile No. 



Authorized officer 



Telephone No. 



Form PCrASA/210 (second sheet) (July 1992) 



70 



EP 1 033 624 A1 



INTERNATIONAL SEARCH REPORT 



IntcmationAl appHcatian No. 

PCT/JP99/04304 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVAhTT 



Category* 



Citation of doctuneat, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P.X 



JP. 11-30865, A (JSR Corporation), 
02 February, 1999 (02. 02*99), 
Clairo 1, Examples 1,2,6, and 7, Par. 
(Family: none) 



1-13,21-28 



No. [0052], 



Fonn PCT/ISA/210 (continualioa of second sheet) (July 1992) 



71 



